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TREATMENT OF PLURPOTENT CELLS 

FIELD OF THE INVENTION 

The present invention is directed to methods to treat pluri 
potent cells, whereby the pluripotent cells can be efficiently 
expanded in culture and differentiated by treating the pluri 
potent cells with an inhibitor of GSK-3B enzyme activity. 

BACKGROUND 

Advances in cell-replacement therapy for Type I diabetes 
mellitus and a shortage of transplantable islets of Langerhans 
have focused interest on developing sources of insulin-pro 
ducing cells, or B cells, appropriate for engraftment. One 
approach is the generation of functional 3 cells from pluripo 
tent cells, such as, for example, embryonic stem cells. 

In vertebrate embryonic development, a pluripotent cell 
gives rise to a group of cells comprising three germ layers 
(ectoderm, mesoderm, and endoderm) in a process known as 
gastrulation. Tissues such as, for example, thyroid, thymus, 
pancreas, gut, and liver, will develop from the endoderm, via 
an intermediate stage. The intermediate stage in this process 
is the formation of definitive endoderm. Definitive endoderm 
cells express a number of markers, such as, HNF-3 beta, 
GATA-4, Mix11, CXCR4 and SOX-17. 

Formation of the pancreas arises from the differentiation of 
definitive endoderm into pancreatic endoderm. Cells of the 
pancreatic endoderm express the pancreatic-duodenal 
homeobox gene, PDX-1. In the absence of PDX-1, the pan 
creas fails to develop beyond the formation of ventral and 
dorsal buds. Thus, PDX-1 expression marks a critical step in 
pancreatic organogenesis. The mature pancreas contains, 
among other cell types, exocrine tissue and endocrine tissue. 
Exocrine and endocrine tissues arise from the differentiation 
of pancreatic endoderm. 
The generation of a sufficient amount of cellular material 

for transplantation requires a source of the cellular material 
that can be efficiently expanded in culture, and efficiently 
differentiated into the tissue of interest, for example, func 
tional B cells. 

Current methods to culture human embryonic stem cells 
are complex; they require the use of exogenous factors, or 
chemically defined media in order for the cells to proliferate 
without loosing their pluripotency. Furthermore differentia 
tion of embryonic stem cells often results in a decrease in the 
cells to expand in culture. 

In one example, Cheon et al (BioReprod DOI:10.1095/ 
biolreprod. 105.046870, Oct. 19, 2005) disclose a feeder-free, 
serum-free culture system in which embryonic stem cells are 
maintained in unconditioned serum replacement (SR) 
medium supplemented with different growth factors capable 
of triggering embryonic stem cell self-renewal. 

In another example, US20050233446 discloses a defined 
media useful in culturing stem cells, including undifferenti 
ated primate primordial stem cells. In solution, the media is 
Substantially isotonic as compared to the stem cells being 
cultured. In a given culture, the particular medium comprises 
a base medium and an amount of each of bFGF, insulin, and 
ascorbic acid necessary to Support Substantially undifferenti 
ated growth of the primordial stem cells. 

In another example, WO2005086845 discloses a method 
for maintenance of an undifferentiated stem cell, said method 
comprising exposing a stem cell to a member of the trans 
forming growth factor-beta (TGFB) family of proteins, a 
member of the fibroblast growth factor (FGF) family of pro 
teins, or nicotinamide (NIC) in an amount Sufficient to main 
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2 
tain the cell in an undifferentiated state for a sufficient amount 
of time to achieve a desired result. 

Inhibitors of glycogen synthase kinase-3 (GSK-3) are 
known to promote proliferation and expansion of adult stem 
cells. In one example, Tateishi et al. (Biochemical and Bio 
physical Research Communications (2007) 352: 635) show 
that inhibition of GSK-3 enhances growth and survival of 
human cardiac stem cells (hCSCs) recovered from the neo 
natal or adult human heart and having mesenchymal features. 

For example, Rulifson et al (PNAS 144, 6247-6252, 
(2007)) states “Wnt signaling stimulates islet B cell prolifera 
tion. 

In another example, WO2007016485 reports that addition 
of GSK-3 inhibitors to the culture of non-embryonic stem 
cells, including multipotent adult progenitor cells, leads to the 
maintenance of a pluripotent phenotype during expansion 
and results in a more robust differentiation response. 

In another example, US2006030042 uses a method of 
inhibiting GSK-3, either by addition of Wnt or a small mol 
ecule inhibitor of GSK-3 enzyme activity, to maintain embry 
onic stem cells without the use of a feeder cell layer. 

In another example, WO2006026473 reports the addition 
of a GSK-3B inhibitor, to stabilize pluripotent cells through 
transcriptional activation ofc-myc and stabilization ofc-myc 
protein. 

In another example, WO2006100490 reports the use of a 
stem cell culture medium containing a GSK-3 inhibitor and a 
gp130 agonist to maintain a self-renewing population of 
pluripotent stem cells, including mouse or human embryonic 
stem cells. 

In another example, Sato et al. (Nature Medicine (2004) 
10:55-63) show that inhibition of GSK-3 with a specific phar 
macological compound can maintain the undifferentiated 
phenotype of embryonic stem cells and Sustain expression of 
pluripotent state-specific transcription factors such as Oct-3/ 
4. Rex-1, and Nanog. 

In another example, Maurer et al (Journal of Proteome 
Research (2007) 6:1198-1208) show that adult, neuronal 
stem cells treated with a GSK-3 inhibitor show enhanced 
neuronal differentiation, specifically by promoting transcrip 
tion of B-catenin target genes and decreasing apoptosis. 

In another example, Gregory etal (Annals of the New York 
Academy of Sciences (2005) 1049: 97-106) report that inhibi 
tors of GSK-3B enhance in vitro osteogenesis. 

In another example, Feng etal (Biochemical and Biophysi 
cal Research Communications (2004) 324:1333-1339) show 
that hematopoietic differentiation from embryonic stem cells 
is associated with down-regulation of the Wnt/B-catenin 
pathway, where Wnt is a natural inhibitor of GSK3. 

Therefore, there still remains a significant need to develop 
methods for treating pluripotent stem cell Such that they can 
be expanded to address the current clinical needs, while 
retaining the potential to differentiate into pancreatic endo 
crine cells, pancreatic hormone expressing cells, or pancre 
atic hormone secreting cells. 

SUMMARY 

The present invention provides a method to expand and 
differentiate pluripotent cells by treating the pluripotent cells 
with an inhibitor of GSK-3B enzyme activity. 

In one embodiment, the present invention provides a 
method to expand and differentiate pluripotent cells, com 
prising the steps of: 

a. Culturing pluripotent cells, and 
b. Treating the pluripotent cells with an inhibitor of GSK 
3B enzyme activity. 
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In one embodiment, the pluripotent cells are differentiated 
into cells expressing markers characteristic of the definitive 
endoderm lineage. 
The pluripotent cells may be human embryonic stem cells, 

or they may be cells expressing pluripotency markers derived 
from human embryonic stem cells, according to the methods 
disclosed in 60/913,475. 

In one embodiment, the inhibitor of GSK-3B enzyme 
activity is a compound of the Formula (I): 

Formula (I) 
R 3 

R2 \ 

DX R N 

In one embodiment, the inhibitor of GSK-3B enzyme 
activity is a compound of the Formula (II): 

Formula (II) 

In one embodiment, the inhibitor of GSK-3B enzyme 
activity is a compound of the Formula (III): 

Formula (III) 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 shows the effect of a range of concentrations of the 
compound JNJ 17189731 on cell number, as determined by 
the number of nuclei observed (Panel A) and Sox-17 expres 
Sion, as determined by intensity of immunofluorescent stain 
ing (Panel B). Results were obtained from cells of the human 
embryonic stem cell line H1 (white bars), or cells of the 
human embryonic stem cell line H9 (black bars), using the IN 
Cell Analyzer 1000 (GE Healthcare). 

FIG. 2 shows the effect of a range of concentrations of the 
compound JNJ 17163796 on cell number, as determined by 
the number of nuclei observed (Panel A) and Sox-17 expres 
Sion, as determined by intensity of immunofluorescent stain 
ing (Panel B). Results were obtained from cells of the human 
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4 
embryonic stem cell line H1 (white bars), or cells of the 
human embryonic stem cell line H9 (black bars), using the IN 
Cell Analyzer 1000 (GE Healthcare). 

FIG.3 shows the effect of a range of concentrations of the 
compound JNJ 17223375 on cell number, as determined by 
the number of nuclei observed (Panel A) and Sox-17 expres 
Sion, as determined by intensity of immunofluorescent stain 
ing (Panel B). Results were obtained from cells of the human 
embryonic stem cell line H1 (white bars), or cells of the 
human embryonic stem cell line H9 (black bars), using the IN 
Cell Analyzer 1000 (GE Healthcare). 

FIG. 4 shows the effect of a range of concentrations of the 
compound JNJ 18157698 on cell number, as determined by 
the number of nuclei observed (Panel A) and Sox-17 expres 
Sion, as determined by intensity of immunofluorescent stain 
ing (Panel B). Results were obtained from cells of the human 
embryonic stem cell line H1 (white bars), or cells of the 
human embryonic stem cell line H9 (black bars), using the IN 
Cell Analyzer 1000 (GE Healthcare). 

FIG. 5 shows the effect of a range of concentrations of the 
compound JNJ 26158015 on cell number, as determined by 
the number of nuclei observed (Panel A) and Sox-17 expres 
Sion, as determined by intensity of immunofluorescent stain 
ing (Panel B). Results were obtained from cells of the human 
embryonic stem cell line H1 (white bars), or cells of the 
human embryonic stem cell line H9 (black bars), using the IN 
Cell Analyzer 1000 (GE Healthcare). 

FIG. 6 shows the effect of a range of concentrations of the 
compound JNJ 26483197 on cell number, as determined by 
the number of nuclei observed (Panel A) and Sox-17 expres 
sion, as determined by intensity of immunofluorescent stain 
ing (Panel B). Results were obtained from cells of the human 
embryonic stem cell line H1 (white bars), or cells of the 
human embryonic stem cell line H9 (black bars), using the IN 
Cell Analyzer 1000 (GE Healthcare). 

FIG. 7 shows the effect of a range of concentrations of the 
compound JNJ 26483249 on cell number, as determined by 
the number of nuclei observed (Panel A) and Sox-17 expres 
Sion, as determined by intensity of immunofluorescent stain 
ing (Panel B). Results were obtained from cells of the human 
embryonic stem cell line H1 (white bars), or cells of the 
human embryonic stem cell line H9 (black bars), using the IN 
Cell Analyzer 1000 (GE Healthcare). 
FIG.8 shows the effect of a range of concentrations of the 

compound JNJ 10220067 on cell number, as determined by 
the number of nuclei observed (Panel A) and Sox-17 expres 
Sion, as determined by intensity of immunofluorescent stain 
ing (Panel B). Results were obtained from cells of the human 
embryonic stem cell line H1 (white bars), or cells of the 
human embryonic stem cell line H9 (black bars), using the IN 
Cell Analyzer 1000 (GE Healthcare). 

FIG. 9 shows the expression of CXCR4 on the surface of 
cells, as determined by immunofluorescent staining and flow 
cytometric analysis, on cells treated with the compounds 
shown, according to the methods described in Example 8. 
FIG.10 shows the expression of CXCR4 (Panel A), HNF-3 

beta (Panel B), and Sox-17 (Panel C), as determined by real 
time PCR, in cells treated with the compounds shown, 
according to the methods described in Example 8. 

FIG. 11 shows the effect of a range of concentrations of the 
compounds shown on cell number, as determined by the 
number of nuclei observed (Panel A) and Pdx-1 expression, as 
determined by intensity of immunofluorescent staining 
(Panel B), using the IN Cell Analyzer 1000 (GE Healthcare). 
Cells were treated according to the methods described in 
Example 9. 
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FIG. 12 shows the effect of a range of concentrations of the 
compounds shown on Pdx-1 expression (white bars) and 
HNF-6 (black bars), as determined by real-time PCR. Cells 
were treated according to the methods described in Example 
9. 

FIG. 13 shows the effect of a range of concentrations of the 
compounds shown on cell number, as determined by the 
number of nuclei observed (Panel A) and insulin expression, 
as determined by intensity of immunofluorescent staining 
(Panel B), using the IN Cell Analyzer 1000 (GE Healthcare). 
Cells were treated according to the methods described in 
Example 10. 

FIG. 14 shows effect of a range of concentrations of the 
compounds shown on Pdx-1 expression (white bars) and 
insulin (black bars), as determined by real-time PCR. Cells 
were treated according to the methods described in Example 
10. 

FIG. 15 shows the effect of a range of concentrations of the 
compounds shown on cell number, as determined by the 
number of nuclei observed (Panel A) and insulin expression, 
as determined by intensity of immunofluorescent staining 
(Panel B), using the IN Cell Analyzer 1000 (GE Healthcare). 
Cells were treated according to the methods described in 
Example 11. 

DETAILED DESCRIPTION 

For clarity of disclosure, and not by way of limitation, the 
detailed description of the invention is divided into the fol 
lowing Subsections that describe or illustrate certain features, 
embodiments, or applications of the present invention. 

Definitions 

Stem cells are undifferentiated cells defined by their ability 
at the single cell level to both self-renew and differentiate to 
produce progeny cells, including self-renewing progenitors, 
non-renewing progenitors, and terminally differentiated 
cells. Stem cells are also characterized by their ability to 
differentiate in vitro into functional cells of various cell lin 
eages from multiple germ layers (endoderm, mesoderm and 
ectoderm), as well as to give rise to tissues of multiple germ 
layers following transplantation and to contribute Substan 
tially to most, if not all, tissues following injection into blas 
tocysts. 

Stem cells are classified by their developmental potential 
as: (1) totipotent, meaning able to give rise to all embryonic 
and extraembryonic cell types; (2) pluripotent, meaning able 
to give rise to all embryonic cell types; (3) multipotent, mean 
ing able to give rise to a Subset of cell lineages, but all within 
a particular tissue, organ, or physiological system (for 
example, hematopoietic stem cells (HSC) can produce prog 
eny that include HSC (self-renewal), blood cell restricted 
oligopotent progenitors and all cell types and elements (e.g., 
platelets) that are normal components of the blood); (4) oli 
gopotent, meaning able to give rise to a more restricted Subset 
of cell lineages than multipotent stem cells; and (5) unipotent, 
meaning able to give rise to a single cell lineage (e.g., sper 
matogenic stem cells). 

Differentiation is the process by which an unspecialized 
(“uncommitted') or less specialized cell acquires the features 
of a specialized cell Such as, for example, a nerve cell or a 
muscle cell. A differentiated or differentiation-induced cell is 
one that has taken on a more specialized ("committed') posi 
tion within the lineage of a cell. The term “committed, when 
applied to the process of differentiation, refers to a cell that 
has proceeded in the differentiation pathway to a point where, 
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6 
under normal circumstances, it will continue to differentiate 
into a specific cell type or Subset of cell types, and cannot, 
under normal circumstances, differentiate into a different cell 
type or revert to a less differentiated cell type. De-differen 
tiation refers to the process by which a cell reverts to a less 
specialized (or committed) position within the lineage of a 
cell. As used herein, the lineage of a cell defines the heredity 
of the cell, i.e., which cells it came from and what cells it can 
give rise to. The lineage of a cell places the cell within a 
hereditary scheme of development and differentiation. A lin 
eage-specific marker refers to a characteristic specifically 
associated with the phenotype of cells of a lineage of interest 
and can be used to assess the differentiation of an uncommit 
ted cell to the lineage of interest. 

“B-cell lineage” refer to cells with positive gene expression 
for the transcription factor PDX-1 and at least one of the 
following transcription factors: NGN-3, Nkx2.2, Nkx6.1, 
NeuroD, Isl-1, HNF-3 beta, MAFA, Pax4, and Pax6. Cells 
expressing markers characteristic of the B cell lineage include 
B cells. 

“Cells expressing markers characteristic of the definitive 
endoderm lineage' as used herein refer to cells expressing at 
least one of the following markers: SOX-17, GATA-4, HNF-3 
beta, GSC, Cer1, Nodal, FGF8, Brachyury, Mix-like 
homeobox protein, FGF4 CD48, eomesodermin (EOMES), 
DKK4, FGF17, GATA-6, CXCR4, C-Kit, CD99, or OTX2. 
Cells expressing markers characteristic of the definitive endo 
derm lineage include primitive streak precursor cells, primi 
tive streak cells, mesendoderm cells and definitive endoderm 
cells. 

“Cells expressing markers characteristic of the pancreatic 
endoderm lineage' as used herein refer to cells expressing at 
least one of the following markers: PDX-1. HNF-1beta, 
PTF-1 alpha, HNF-6, or HB9. Cells expressing markers char 
acteristic of the pancreatic endoderm lineage include pancre 
atic endoderm cells. 

“Cells expressing markers characteristic of the pancreatic 
endocrine lineage' as used herein refer to cells expressing at 
least one of the following markers: NGN-3, NeuroD, Islet-1, 
PDX-1, NKX6.1, Pax-4, Ngn-3, or PTF-1 alpha. Cells 
expressing markers characteristic of the pancreatic endocrine 
lineage include pancreatic endocrine cells, pancreatic hor 
mone expressing cells, and pancreatic hormone secreting 
cells, and cells of the B-cell lineage. 

“Definitive endoderm' as used herein refers to cells which 
bear the characteristics of cells arising from the epiblast dur 
ing gastrulation and which form the gastrointestinal tract and 
its derivatives. Definitive endoderm cells express the follow 
ing markers: HNF-3 beta, GATA-4, SOX-17, Cerberus, 
OTX2, goosecoid, C-Kit, CD99, and Mix11. 

“Extraembryonic endoderm' as used herein refers to a 
population of cells expressing at least one of the following 
markers: SOX-7, AFP, and SPARC. 

“Markers' as used herein, are nucleic acid or polypeptide 
molecules that are differentially expressed in a cell of interest. 
In this context, differential expression means an increased 
level for a positive marker and a decreased level for a negative 
marker. The detectable level of the marker nucleic acid or 
polypeptide is sufficiently higher or lower in the cells of 
interest compared to other cells, such that the cell of interest 
can be identified and distinguished from other cells using any 
of a variety of methods known in the art. 
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“Mesendoderm cell as used herein refers to a cell express 
ing at least one of the following markers: CD48, eomesoder 
min (EOMES), SOX-17, DKK4, HNF-3 beta, GSC, FGF17, 
GATA-6. 

“Pancreatic endocrine cell’, or “pancreatic hormone 
expressing cell as used herein refers to a cell capable of 
expressing at least one of the following hormones: insulin, 
glucagon, Somatostatin, and pancreatic polypeptide. 

“Pancreatic hormone secreting cell as used herein refers 
to a cell capable of secreting at least one of the following 
hormones: insulin, glucagon, Somatostatin, and pancreatic 
polypeptide. 

“Pre-primitive streak cell as used herein refers to a cell 
expressing at least one of the following markers: Nodal, or 
FGF8 

“Primitive streak cell as used herein refers to a cell 
expressing at least one of the following markers: Brachyury, 
Mix-like homeobox protein, or FGF4. 

In one embodiment, the present invention provides a 
method for the expansion and differentiation of pluripotent 
cells comprising treating the pluripotent cells with an inhibi 
tor of GSK-3B enzyme activity. 

In one embodiment, the present invention provides a 
method to expand and differentiate pluripotent cells, com 
prising the steps of: 

c. Culturing pluripotent cells, and 
d. Treating the pluripotent cells with an inhibitor of GSK 
3B enzyme activity. 

In one embodiment, the pluripotent cells are differentiated 
into cells expressing markers characteristic of the definitive 
endoderm lineage. 

Markers characteristic of the definitive endoderm lineage 
are selected from the group consisting of SOX17, GATA4, 
Hnf-3beta, GSC, Cer1, Nodal, FGF8, Brachyury, Mix-like 
homeobox protein, FGF4 CD48, eomesodermin (EOMES), 
DKK4, FGF17, GATA6, CXCR4, C-Kit, CD99, and OTX2. 
Contemplated in the present invention is a cell, derived from 
a pluripotent cell that expresses at least one of the markers 
characteristic of the definitive endoderm lineage. In one 
aspect of the present invention, a cell expressing markers 
characteristic of the definitive endoderm lineage is a primitive 
streak precursor cell. In an alternate aspect, a cell expressing 
markers characteristic of the definitive endoderm lineage is a 
mesendoderm cell. In an alternate aspect, a cell expressing 
markers characteristic of the definitive endoderm lineage is a 
definitive endoderm cell. 

The pluripotent cells may be treated with the inhibitor of 
GSK-3B enzyme activity for about one to about 72 hours. 
Alternatively, the pluripotent cells may be treated with the 
inhibitor of GSK-3B enzyme activity for about 12 to about 48 
hours. Alternatively, the pluripotent cells may be treated with 
the inhibitor of GSK-3B enzyme activity for about 48 hours. 

In one embodiment, the inhibitor of GSK-3B enzyme 
activity is used at a concentration of about 100 nM to about 
100 uM. Alternatively, the inhibitor of GSK-3B enzyme 
activity is used at a concentration of about 1 uM to about 10 
uM. Alternatively, the inhibitor of GSK-3B enzyme activity is 
used at a concentration of about 10 uM. 
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8 
Compounds Suitable for Use in the Methods of the 

Present Invention 

In one embodiment, the inhibitor of GSK-3B enzyme 
activity is a compound of the Formula (I): 

Formula (I) 
R3 

R \ 

DX Ri N 

wherein: 
R is phenyl, substituted phenyl wherein the phenyl sub 

stituents are selected from the group consisting of Cisalkyl, 
halogen, nitro, trifluoromethyl and nitrile, or pyrimidinyl: 
R is phenyl, substituted phenyl wherein the phenyl sub 

stituents are selected from the group consisting of Cisalkyl, 
halogen, nitro, trifluoromethyl and nitrile, or pyrimidinyl 
which is optionally Calkyl substituted, and at least one of 
RandR is pyrimidinyl: 
R is hydrogen, 2-(trimethylsilyl)ethoxymethyl, 

Cisalkoxycarbonyl, aryloxycarbonyl, arylCisalkyloxycar 
bonyl, arylCisalkyl, substituted arylCisalkyl wherein the 
one or more aryl Substituents are independently selected from 
the group consisting of Cisalkyl, Csalkoxy, halogen, 
amino, Cisalkylamino, and diCisalkylamino, phthalimi 
doCsalkyl, aminoCsalkyl, diaminoCisalkyl, succinimi 
doCsalkyl, Csalkylcarbonyl, arylcarbonyl, Csalkylcar 
bonylCisalkyl and aryloxycarbonylCisalkyl; 

Rais-(A)-(CH2) X: 
A is vinylene, ethynylene or 

ORs 

s 

Rs is selected from the group consisting of hydrogen, 
Cisalkyl, phenyl and phenylCisalkyl; 

q is 0-9: 
X is selected from the group consisting of hydrogen, 

hydroxy, vinyl, substituted vinyl wherein one or more vinyl 
Substituents are each selected from the group consisting of 
fluorine, bromine, chlorine and iodine, ethynyl, substituted 
ethynyl wherein the ethynyl substituents are selected from the 
group consisting of fluorine, bromine chlorine and iodine, 
Cisalkyl, Substituted Cisalkyl wherein the one or more alkyl 
Substituents are each selected from the group consisting of 
Cisalkoxy, trihaloalkyl, phthalimido and amino, C,cy 
cloalkyl, Csalkoxy, Substituted Cisalkoxy wherein the 
alkyl Substituents are selected from the group consisting of 
phthalimido and amino, phthalimidooxy, phenoxy, Substi 
tuted phenoxy wherein the one or more phenyl substituents 
are each selected from the group consisting of Cisalkyl, 
halogen and Cisalkoxy, phenyl, Substituted phenyl wherein 
the one or more phenyl substituents are each selected from the 
group consisting of Cisalkyl, halogen and Cisalkoxy, 
arylCisalkyl, Substituted arylCisalkyl wherein the one or 
more aryl Substituents are each selected from the group con 
sisting of Cisalkyl, halogen and Cisalkoxy, aryloxy 
Cisalkylamino, Calkylamino, diCisalkylamino, nitrile, 
Oxime, benXyloxyimino, Cisalkyloxyimino, phthalimido, 
Succinimido, Cisalkylcarbonyloxy, phenylcarbonyloxy, 
substituted phenylcarbonyloxy wherein the one or more phe 
nyl Substituents are each selected from the group consisting of 
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Cisalkyl, halogen and Cisalkoxy, phenylCisalkylcarbony 
loxy wherein the one or more phenyl substituents are each 
selected from the group consisting of Cisalkyl, halogen and 
Cisalkoxy, aminocarbonyloxy, Cisalkylaminocarbonyloxy, 
diCisalkylaminocarbonyloxy, Cisalkoxycarbonyloxy, Sub- 5 
stituted Cisalkoxycarbonyloxy wherein the one or more 
alkyl Substituents are each selected from the group consisting 
of methyl, ethyl, isopropyl and hexyl, phenoxycarbonyloxy, 
substituted phenoxycarbonyloxy wherein the one or more 
phenyl Substituents are each selected from the group consist- 10 
ing of Cisalkyl, Csalkoxy and halogen, Cisalkylthio. Sub 
stituted Cisalkylthio wherein the alkyl substituents are 
selected from the group consisting of hydroxy and phthal 
imido, Calkylsulfonyl, phenylsulfonyl, Substituted phenyl 
sulfonyl wherein the one or more phenyl substituents are each 15 
selected from the group consisting of bromine, fluorine, chlo 
ride, Calkoxy and trifluoromethyl; with the proviso that if 
A is 

2O 
OR 

N1 5 

s 25 
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q is 0 and X is H, then R may not be 2-(trimethylsilyl) 
ethoxymethyl, and pharmaceutically acceptable salts thereof. 
An example of the invention includes a compound of For 

mula (I) wherein R is Substituted phenyland R is pyrimidin 
3-yl. 
An example of the invention includes a compound of For 

mula (I) wherein R is 4-fluorophenyl. 
An example of the invention includes a compound of For 

mula (I) wherein R is hydrogen, arylCisalkyl, or Substituted 
arylCisalkyl. 
An example of the invention includes a compound of For 

mula (I) wherein R is hydrogen or phenylCisalkyl. 
An example of the invention includes a compound of For 

mula (I) wherein A is ethynylene and q is 0-5. 
An example of the invention includes a compound of For 

mula (I) wherein X is Succinimido, hydroxy, methyl, phenyl, 
Cisalkylsulfonyl, C-cycloalkyl, Csalkylcarbonyloxy, 
Cisalkoxy, phenylcarbonyloxy, Cisalkylamino, diCisalky 
lamino or nitrile. 

Compounds of Formula (I) are disclosed in commonly 
assigned U.S. Pat. No. 6,214,830, the complete disclosure of 
which is herein incorporated by reference. 
An example of the invention includes a compound of For 

mula (I) wherein the compound is selected from the group 
consisting of: 

Name 

5(4)-(4-fluorophenyl)-4-(5)-(4-pyridyl)imidazole, 
4-(4-fluorophenyl)-1-(3-phenylpropyl)-5-(4-pyridyl)imidazole, 
5-(4-fluorophenyl)-1-(3-phenylpropyl)-4-(4-pyridyl)imidazole, 
4-(4-fluorophenyl)-2-iodo-1-(3-phenylpropyl)-5-(4-pyridyl)imidazole, 
4-(4-fluorophenyl)-2-(4-hydroxybutyn-1-yl)-1-(3-phenylpropyl)- 
5-(4-pyridyl)imidazole, 
4-(4-fluorophenyl)-5-(4-pyridyl)-1-(2- 

-imidazole, 
yl)-1-(2- 
-imidazole 

(trimethylsilyl)ethoxymethy 
5-(4-fluorophenyl)-4-(4-pyri 
(trimethylsilyl)ethoxymethy s 

o-4-(4-pyridyl)-1-(2- 
hoxymethy 

5-(4-fluorophenyl)-2-io 
(trimethylsilyl)e -imidazole, 
5-(4-fluorophenyl)-4-(4-pyridyl)-2-(trimethylsilyl)ethinyl-1-(2- 
(trimethylsilyl)e hoxymethyl-imidazole, 
2-(2-chlorovinyl)-5-(4-fluorophenyl)-4-(4-pyridyl)-imidazole, 
5-(4-fluorophenyl)-4-(4-pyridyl)-1-(2- 
(trimethylsilyl)ethoxymethyl-imidazole-2-carboxaldehyde, 
2-2,2-dibromoe -5-(4-fluorophenyl)-4-(4-pyridyl)-1- 
2-(trime hyl-imidazole-2-carboxaldehyde, 
5(4)-(4-fluorophenyl)-2-(3-hydroxy-3-phenyl-propyn-1-yl)-4(5)- 
(4-pyridyl)imidazole, 
5-(4-fluorophenyl)-4-(4-pyridyl)-1-(2- 
(trimethylsilyl)ethoxymethyl)-2-oximinoimidazole, 

hylene-1-y 
hylsilyl)ethoxyme 

5-(4-fluorophenyl)-4-(4-pyridyl)-2-imidazole oxime, 
2-(5-chloropentyn-1-yl)-4-(4-fluorophenyl)-1-(3-phenylpropyl)-5- 
(4-pyridyl)imidazole, 
4-(4-fluorophenyl)-2-(4-N-phenylcarbamoyloxybutyn-1-yl)1-(3- 
phenylpropyl)-5-(4-pyridyl)imidazole, 
2-(4-chlorobutyn-1-yl)-4-(4-fluorophenyl)-1-(3-phenylpropyl)-5- 
(4-pyridyl)imidazole, and 
2-(4-dimethylaminobutyn-1-yl)-4-(4-fluorophenyl)-1-(3-phenylpropyl)-5- 
(4-pyridyl)imidazole. 
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dently selected from the group consisting of hydrogen, 
—Calkoxy, —NH, -NH(Calkyl). —N(Calkyl). 
cyano, (halo), hydroxy and nitro. 

In one embodiment, R is hydrogen. 
Embodiments of the present invention include compounds 5 

of Formula (II) wherein, R is one substituent attached to a 
carbon or nitrogenatom selected from the group consisting of 
hydrogen, —Calkyl-R. —Calkenyl-R, —C-alky 
nyl-R, C(O)H, —C(O)–(C)alkyl-R, —C(O)NH2, 
—C(O) NH(Calkyl-R), —C(O) N(Calkyl-R), 
—C(O) NH(aryl-R), —C(O)-cycloalkyl-R, C(O)-het 
erocyclyl-R, —C(O)-aryl-R, —C(O)-heteroaryl-R, 
—CO.H. —C(O)—O—(C.)alkyl-R, —C(O) O-aryl 
R. —SO (C.)alkyl-R. SQ-aryl-R -cycloalkyl-R, 
-aryl-R and (Cl)alkyl-N-R, with the proviso that, 
when R is attached to a carbon atom, R is further selected 15 
from the group consisting of -C, alkoxy-R, -N-R7. 
cyano, halogen, hydroxy, nitro, Oxo, -heterocyclyl-R and 
-heteroaryl-R. 

In one embodiment, R is one substituent attached to a 
carbon or nitrogenatom selected from the group consisting of 20 
hydrogen, —Calkyl-R. —Calkenyl-R, —C-alky 
nyl-R, CO.H. —C(O)—O—(Cl)alkyl-R, -cycloalkyl 
R., -aryl-R and —(C)alkyl-N-R7; with the proviso that, 
when R is attached to a nitrogen atom, a quaternium salt is 
not formed; and, with the proviso that, when R is attached to 25 
a carbon atom, R is further selected from the group consist 
ing of Calkoxy-R, N-R, cyano, halogen, hydroxy, 
nitro, oxo, -heterocyclyl-Rand-heteroaryl-R. 

In one embodiment, R is one substituent attached to a 
carbon or nitrogenatom selected from the group consisting of 30 
hydrogen, Calkyl-Rand-aryl-R'; with the proviso that, 
when R is attached to a nitrogen atom, a quaternium salt is 
not formed; and, with the proviso that when R is attached to 
a carbon atom, R is further selected from the group consist 
ing of N. R. halogen, hydroxy and -heteroaryl-R. 35 

Embodiments of the present invention include compounds 
of Formula (II) wherein, R is 1 to 3 substituents attached to 
a carbon atom independently selected from the group con 
sisting of hydrogen, —Calkyl-R', -Calkenyl-R". 
—Calkynyl-R', Calkoxy-R', —C(O)H, —C(O)— 40 
(C)alkyl-R, —C(O) NH2, C(O) NH(Calkyl-R), 
—C(O) N(Calkyl-R), —C(O)-cycloalkyl-R, 
—C(O)-heterocyclyl-R, —C(O)-aryl-R, —C(O)-het 
eroaryl-R, —C(NH) NH, -CO.H. —C(O)—O—(C) 
alkyl-R, —C(O)—O-aryl-R, SO (Cs)alkyl-R, 45 
—SO,-aryl-R, N R', -(C.)alkyl-N-R, cyano, 
halogen, hydroxy, nitro, -cycloalkyl-R, -heterocyclyl-R, 
-aryl-Rand-heteroaryl-R. 

In one embodiment, R is one substituent attached to a 
carbon atom selected from the group consisting of hydrogen, 50 
—Calkyl-R', -Calkenyl-R', —C-alkynyl-R". 
—Calkoxy-R', —C(O)H, -COH, -NH2, 
—NH(Calkyl). —N(Calkyl), cyano, halogen, hydroxy 
and nitro. 

In one embodiment, R is one substituent attached to a 55 
carbon atom selected from the group consisting of hydrogen, 
—Calkyl-R', -NH2, -NH(Calkyl), -N(Ca 
alkyl), halogen and hydroxy. 

16 
Embodiments of the present invention include compounds 

of Formula (II) wherein, R is 1 to 4 substituents attached to 
a carbon atom independently selected from the group con 
sisting of hydrogen, —Calkyl-R', -Calkenyl-R". 
—Calkynyl-R', Calkoxy-R', —C(O)H, —C(O)— 
(C)alkyl-R, —C(O) NH2, C(O) NH(Calkyl-R), 
—C(O) N(Calkyl-R), —C(O)-cycloalkyl-R, 
—C(O)-heterocyclyl-R, —C(O)-aryl-R, —C(O)-het 
eroaryl-R, —C(NH) NH, —CO.H. —C(O)—O—(C) 
alkyl-R, —C(O) O-aryl-R, SH, S (Cl)alkyl-R', 
—SO. (Cl)alkyl-R, -SO,-aryl-R, -SO. NH2, 
—SO. NH(Calkyl-R), —SO, N(Calkyl-R), 
—N-R, cyano, halogen, hydroxy, nitro, -cycloalkyl-R, 
-heterocyclyl-R, -aryl-R and -heteroaryl-R. 

In one embodiment, R is 1 to 4 substituents attached to a 
carbon atom independently selected from the group consist 
ing of hydrogen, —C, alkyl-R', -Calkenyl-R" - 
Calkynyl-R', Calkoxy-R', —C(O)H, -CO.H. 
—NH2, —NH(Calkyl). —N(Calkyl), cyano, halogen, 
hydroxy, nitro, -cycloalkyl, -heterocyclyl, -aryl and -het 
eroaryl. 

In one embodiment, R is 1 to 4 substituents attached to a 
carbon atom independently selected from the group consist 
ing of hydrogen, Calkyl-R', Calkoxy-R', -NH2, 
—NH(Calkyl). —N(Calkyl), halogen and hydroxy. 

In one embodiment, R is 1 to 4 substituents attached to a 
carbon atom independently selected from the group consist 
ing of hydrogen, Calkyl-R', Calkoxy-R', -NH2, 
—NH(Calkyl). —N(Calkyl), chlorine, fluorine and 
hydroxy. 

Embodiments of the present invention include compounds 
of Formula (II) wherein, R' is 1 to 2 substituents indepen 
dently selected from the group consisting of hydrogen, 
—NH2, —NH(Calkyl). —N(Calkyl), cyano, (halo), 
hydroxy, nitro and oxo. 

In one embodiment, R' is 1 to 2 substituents indepen 
dently selected from the group consisting of hydrogen and 
(halo)is. 

In one embodiment, R' is 1 to 2 substituents indepen 
dently selected from the group consisting of hydrogen and 
(fluoro) 
Embodiments of the present invention include compounds 

of Formula (II) wherein, Y and Z are independently selected 
from the group consisting of O, S, (H.OH) and (H.H); with the 
proviso that one ofY and Z is O and the other is selected from 
the group consisting of O, S, (H.OH) and (H.H). 

In one embodiment, Y and Z are independently selected 
from the group consisting of O and (H.H); with the proviso 
that one of Y and Z is O, and the other is selected from the 
group consisting of O and (H.H). 

In one embodiment, Y and Z are independently selected 
from O. 
Compounds of Formula (II) are disclosed in commonly 

assigned U.S. Pat. No. 7,125,878, the complete disclosure of 
which is herein incorporated by reference. 
An example of the invention includes a compound of For 

mula (II) wherein the compound is selected from the group 
consisting of: 

Compound Name 

1 3-(2-chlorophenyl)-4-1-(3-hydroxypropyl)-1H-pyrrolo[2,3-bipyridin 
3-yl)-1H-pyrrole-2,5-dione, 

2 3-(2-chlorophenyl)-4-(1-3-(dimethylamino)propyl)-1H 
pyrrolo[2,3-bipyridine-3-yl)-1H-pyrrole-2,5-dione, 
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-continued 
Compound 44 

H 
O N O 

o O 

e 

N ( \ M \, 
N 

N N={ 
O 

In one embodiment, the inhibitor of GSK-3B enzyme 
activity is a compound of the Formula (III): 

Formula (III) 

wherein 
A and E are independently selected from the group con 

sisting of a hydrogen Substituted carbon atom and a nitrogen 
atom; wherein 

is independently selected from the group consisting of 1H-in 
dole, 1 H-pyrrolo2,3-bipyridine, 1 H-pyrazolo 3,4-bipyri 
dine and 1H-indazole; 
Z is selected from 0; alternatively, Z is selected from dihy 

dro; wherein each hydrogen atom is attached by a single 
bond; 

Ra and Rs are independently selected from Calkyl, 
Cisalkenyl and Cisalkynyl optionally Substituted with oxo; 
R is selected from the group consisting of Cisalkyl-, 

—C-salkenyl-, - Cisalkynyl-, -O-(Cs)alkyl-O-, 
—O—(Cs)alkenyl-O-, —O—(Cs)alkynyl-O-, 
—C(O)—(Cs)alkyl-C(O)— (wherein any of the foregoing 
alkyl, alkenyl and alkynyl linking groups are straight carbon 
chains optionally substituted with one to four substituents 
independently selected from the group consisting of 
Cisalkyl, Csalkoxy, Cisalkoxy(Cs)alkyl, carboxyl, car 
boxyl(Cs)alkyl, —C(O)O—(Cs)alkyl, - Cisalkyl-C(O) 
O—(Cs)alkyl, amino (Substituted with a substituent inde 
pendently selected from the group consisting of hydrogen and 
Calkyl), amino(Cs)alkyl (wherein amino is Substituted 
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with a substituent independently selected from the group 
consisting of hydrogen and Calkyl), halogen, (halo) 
(Cs)alkyl, (halo) (Cs)alkoxy, hydroxy, hydroxy(Cs) 
alkyl and oxo; and, wherein any of the foregoing alkyl, alk 
enyl and alkynyl linking groups are optionally Substituted 
with one to two substituents independently selected from the 
group consisting of heterocyclyl, aryl, heteroaryl, heterocy 
clyl (Cs)alkyl, aryl(Cs)alkyl, heteroaryl(Cs)alkyl, spiro 
cycloalkyl and Spiroheterocyclyl (wherein any of the forego 
ing cycloalkyl, heterocyclyl, aryland heteroaryl Substituents 
are optionally substituted with one to four substituents inde 
pendently selected from the group consisting of Cisalkyl, 
Cisalkoxy, Cisalkoxy(Cs)alkyl, carboxyl, carboxyl(CIs) 
alkyl, amino (substituted with a substituent independently 
selected from the group consisting of hydrogen and 
Calkyl), amino(Cs)alkyl (wherein amino is substituted 
with a substituent independently selected from the group 
consisting of hydrogen and C-alkyl), halogen, (halo). 
(Cs)alkyl, (halo) (CIs)alkoxy, hydroxy and 
hydroxy(Cs)alkyl, and, wherein any of the foregoing het 
erocyclyl substituents are optionally substituted with oxo)), 
cycloalkyl, heterocyclyl, aryl, heteroaryl (wherein 
cycloalkyl, heterocyclyl, aryl and heteroaryl are optionally 
substituted with one to four substituents independently 
selected from the group consisting of Cisalkyl, Csalkoxy, 
Cisalkoxy(Cs)alkyl, carboxyl, carboxyl(Cs)alkyl, amino 
(substituted with a substituent independently selected from 
the group consisting of hydrogen and Calkyl). 
amino(Cs)alkyl (wherein amino is Substituted with a Sub 
stituent independently selected from the group consisting of 
hydrogen and C-alkyl), halogen, (halo) (Cs)alkyl, 
(halo) (Cs)alkoxy, hydroxy and hydroxy(Cs)alkyl; and, 
wherein heterocyclyl is optionally substituted with oxo), 
—(O-(CH2))os O—, —O-(CH2). O— 
(CH2). O s O (CH2). O (CH2). O 
(CH2). O— —(O-(CH2))os NR— —O— 
(CH2). NR -(CH2). O , O—(CH2). O 
(CH2). NR , —(O-(CH2))os S , —O— 
(CH2). S-(CH2). O—, O—(CH2). O 
(CH) S , NR , NR. NR , NR 
(CH2). NR— —NR -(CH2). NR7—(CH2). 
NRs . NR, C(O) , C(O) NR , C(O) 
(CH2). NR -(CH2), C(O)— —NR—(CH2). 
C(O)—(CH) C(O)—(CH2). NR—, NR, C 
(O)—NR, , —NR C(NR7)—NRs —O-(CH2). 
NR -(CH2) S , —S-(CH2). NR (CH) 
O s S (CH2)6 NR (CH2). S s NR 
(CH2). S-(CH2). NR7—and —SO - (wherein R. 
R, and Rs are independently selected from the group consist 
ing of hydrogen, Cisalkyl, Cisalkoxy(Cs)alkyl, carboxyl 
(Cs)alkyl, amino(Cs)alkyl (wherein amino is Substituted 
with a substituent independently selected from the group 
consisting of hydrogen and Calkyl), hydroxy(Cs)alkyl, 
heterocyclyl (Cs)alkyl, aryl (Cs)alkyl and heteroaryl (Cs) 
alkyl (wherein the foregoing heterocyclyl, aryland heteroaryl 
substituents are optionally substituted with one to four sub 
stituents independently selected from the group consisting of 
Cisalkyl, Cisalkoxy, Cisalkoxy(Cs)alkyl, carboxyl, car 
boxyl(Cs)alkyl, amino (Substituted with a Substituent inde 
pendently selected from the group consisting of hydrogen and 
Calkyl), amino(Cs)alkyl (wherein amino is substituted 
with a substituent independently selected from the group 
consisting of hydrogen and Calkyl), halogen, (halo) 
(Cs)alkyl, (halo) (Cs)alkoxy, hydroxy and hydroxy 
(Cs)alkyl, and, wherein heterocyclyl is optionally substi 
tuted with oxo)); with the proviso that, if A and E are selected 
from a hydrogen Substituted carbon atom, then R is selected 
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from the group consisting of —C-salkynyl-, -O-(Cs) 
alkyl-O-, -O-(Cs)alkenyl-O , —O—(Cs)alkynyl 
O— —C(O)—(Cs)alkyl-C(O)— (wherein any of the fore 
going alkyl, alkenyl and alkynyl linking groups are straight 
carbon chains optionally substituted with one to four substitu 
ents independently selected from the group consisting of 
Cisalkyl, Csalkoxy, Cisalkoxy(Cs)alkyl, carboxyl, car 
boxyl(Cs)alkyl, —C(O)O—(Cs)alkyl, - Cisalkyl-C(O) 
O—(Cs)alkyl, amino (Substituted with a substituent inde 
pendently selected from the group consisting of hydrogen and 
Calkyl), amino(Cs)alkyl (wherein amino is Substituted 
with a substituent independently selected from the group 
consisting of hydrogen and C-alkyl), halogen, (halo). 
(Cs)alkyl, (halo) (Cs)alkoxy, hydroxy, hydroxy(Cs) 
alkyl and oxo; and, wherein any of the foregoing alkyl, alk 
enyl and alkynyl linking groups are optionally Substituted 
with one to two substituents independently selected from the 
group consisting of heterocyclyl, aryl, heteroaryl, heterocy 
clyl (Cs)alkyl, aryl(Cs)alkyl, heteroaryl(Cs)alkyl, spiro 
cycloalkyl and Spiroheterocyclyl (wherein any of the forego 
ing cycloalkyl, heterocyclyl, aryland heteroaryl Substituents 
are optionally substituted with one to four substituents inde 
pendently selected from the group consisting of Cisalkyl, 
Cisalkoxy, Cisalkoxy(Cs)alkyl, carboxyl, carboxyl(CIs) 
alkyl, amino (substituted with a substituent independently 
selected from the group consisting of hydrogen and 
Calkyl), amino(Cs)alkyl (wherein amino is Substituted 
with a substituent independently selected from the group 
consisting of hydrogen and C-alkyl), halogen, (halo). 
(Cs)alkyl, (halo) (Cs)alkoxy, hydroxy and hy 
droxy(Cs)alkyl; and, wherein any of the foregoing hetero 
cyclyl substituents are optionally substituted with oxo)), 
cycloalkyl (wherein cycloalkyl is optionally substituted with 
one to four substituents independently selected from the 
group consisting of Cisalkyl, Csalkoxy, Cisalkoxy(Cs) 
alkyl, carboxyl, carboxyl(Cs)alkyl, amino (Substituted with 
a Substituent independently selected from the group consist 
ing of hydrogen and Calkyl), amino(Cs)alkyl (wherein 
amino is substituted with a substituent independently selected 
from the group consisting of hydrogen and Calkyl), halo 
gen, (halo) (C1-s)alkyl, (halo)-(Cs)alkoxy, hydroxy and 
hydroxy(Cs)alkyl). —(O—(CH)) is O —O— 
(CH2) -O-(CH2). O—, O—(CH2). O 
(CH2) -O-(CH2). O—, (O-(CH2))s - 
NR , —O-(CH2). NR -(CH2). O— —O 
(CH2) -O-(CH2). NR , (O-(CH2)-)o-s— 
S—, O—(CH). S-(CH2). O—, O 
(CH2). O—(CH), S , —NR NR, , —NR 
(CH), NR—, NR (CH) NR—(CH) 
NRs , NR C(O) , C(O) NR , C(O) 
(CH2). NR -(CH2), C(O)— —NR -(CH2). 
C(O)—(CH), C(O)—(CH2). NR7—, NR, C 
(O)—NR, , —NR C(NR7)—NRs —O-(CH2). 
NR (CH), S -, -S-(CH2): NR (CH) 
O— —S—(CH2). NR (CH2). S- and —NR 
(CH). S-(CH), NR— (wherein R. R., and Rs are 
independently selected from the group consisting of hydro 
gen, Cisalkyl, Cisalkoxy(Cs)alkyl, carboxyl(CIs)alkyl, 
amino(Cs)alkyl (wherein amino is substituted with a Sub 
stituent independently selected from the group consisting of 
hydrogen and Calkyl), hydroxy(Cs)alkyl, heterocyclyl 
(Cs)alkyl, aryl(Cs)alkyl and heteroaryl(Cs)alkyl 
(wherein the foregoing heterocyclyl, aryland heteroaryl Sub 
stituents are optionally substituted with one to four substitu 
ents independently selected from the group consisting of 
Cisalkyl, Cisalkoxy, Cisalkoxy(Cs)alkyl, carboxyl, car 
boxyl(Cs)alkyl, amino (Substituted with a Substituent inde 
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pendently selected from the group consisting of hydrogen and 
Calkyl), amino(Cs)alkyl (wherein amino is substituted 
with a substituent independently selected from the group 
consisting of hydrogen and C-alkyl), halogen, (halo). 
(Cs)alkyl. (halo) (Cs)alkoxy, hydroxy and hydroxy 
(Cs)alkyl, and, wherein heterocyclyl is optionally substi 
tuted with oxo); and, wherein Ro is selected from the group 
consisting of Calkyl, Csalkoxy(Cs)alkyl, carboxyl 
(Cs)alkyl, amino(Cs)alkyl (wherein amino is Substituted 
with a substituent independently selected from the group 
consisting of hydrogen and Calkyl), hydroxy(Cs)alkyl, 
heterocyclyl (Cs)alkyl, aryl(Cs)alkyl and heteroaryl(Cs) 
alkyl (wherein the foregoing heterocyclyl, aryland heteroaryl 
substituents are optionally substituted with one to four sub 
stituents independently selected from the group consisting of 
Cisalkyl, Csalkoxy, Cisalkoxy(Cs)alkyl, carboxyl, car 
boxyl(Cs)alkyl, amino (Substituted with a Substituent inde 
pendently selected from the group consisting of hydrogen and 
Calkyl), amino(Cs)alkyl (wherein amino is Substituted 
with a substituent independently selected from the group 
consisting of hydrogen and Calkyl), halogen, (halo) 
(Cs)alkyl, (halo) (Cs)alkoxy, hydroxy and hydroxy 
(Cs)alkyl; and, wherein heterocyclyl is optionally substi 
tuted with oxo)); and, 
RandR are independently selected from the group con 

sisting of hydrogen, Cisalkyl, C2-salkenyl, C2-salkynyl 
(wherein alkyl, alkenyl and alkynyl are optionally substituted 
with a substituent selected from the group consisting of 
Cisalkoxy, alkoxy(Cs)alkyl, carboxyl, carboxyl(Cs) 
alkyl, amino (substituted with a substituent independently 
selected from the group consisting of hydrogen and 
Calkyl), amino(Cs)alkyl (wherein amino is Substituted 
with a substituent independently selected from the group 
consisting of hydrogen and Calkyl). (halo).s. (halo). 
(Cs)alkyl, (halo) (Cs)alkoxy, hydroxy, hydroxy(Cs) 
alkyl and oxo), Cisalkoxy, Cisalkoxycarbonyl. (halo). 
(Cs)alkoxy, Cisalkylthio, aryl, heteroaryl (wherein aryl 
and heteroaryl are optionally substituted with a substituent 
selected from the group consisting of Cisalkyl, Csalkoxy, 
alkoxy(Cs)alkyl, carboxyl, carboxyl(Cs)alkyl, amino 
(substituted with a substituent independently selected from 
the group consisting of hydrogen and Calkyl), amino 
(Cs)alkyl (wherein amino is substituted with a substituent 
independently selected from the group consisting of hydro 
gen and C-alkyl), halogen, (halo)is (CIs)alkyl. (halo). 
(Cs)alkoxy, hydroxy and hydroxy(Cs)alkyl), amino (Sub 
stituted with a substituent independently selected from the 
group consisting of hydrogen and Calkyl), cyano, halogen, 
hydroxy and nitro; and pharmaceutically acceptable salts 
thereof. 

In one embodiment, a compound of Formula (III) is a 
compound selected from the group consisting of 

Formula (IIIa)   
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Formula (IIIm) Formula (IIIf) 
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Formula (IIIn) 25 Formula (IIIi) 

30 

35 

Formula (III) 

wherein all other variables are as previously defined; and, 
pharmaceutically acceptable salts thereof. 

In one embodiment, a compound of Formula (III) is a 40 
compound selected from the group consisting of 

Formula (IIIa) 
45 

wherein all other variables are as previously defined; and, 
pharmaceutically acceptable salts thereof. 
Compounds of Formula (III) are disclosed in commonly 

assigned U.S. Pat. No. 6,828,327, the complete disclosure of 
which is herein incorporated by reference. 
An example of the invention includes a compound of For 

55 mula (III) wherein the compound is selected from the group 
consisting of: 

50 

Compound Name 

1 6,7,9,10,12,13,15, 16-octahydro-23H-5.26:17.22-dimetheno-5H-dipyrido 2,3- 
k:3',2'-qpyrrolo3,4- 
n1,4,7,10,19trioxadiazacyclohenicosine-23,25(24H)-dione, 

2 10,11,13,14,16,17.19.20,22,23-decahydro-9.4:24.29-dimetheno-1H 
dipyrido 2,3-n:3',2'-tpyrrolo3,4- 
q1,4,7,10,13.22 tetraoxadiazacyclotetracosine-1,3(2H)-dione, 
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Compound 30a 

Compound 31a 

Compound 32a 

Cells Suitable for Treatment According to the 
Methods of the Present Invention 

Pluripotent cells, suitable for use in the present invention 
express at least one of the following pluripotency markers 
selected from the group consisting of ABCG2, cripto. 
FoxD3, Connexin43, Connexin45, Oct4. SOX-2, Nanog, 
hTERT, UTF-1, ZFP42, SSEA-3, SSEA-4, Tra1-60, and 
Tra1-81. 

In one embodiment, the pluripotent cells are embryonic 
stem cells. In an alternate embodiment, the pluripotent cells 
are cells expressing pluripotency markers derived from 
embryonic stem cells. In one embodiment, the embryonic 
stem cells are human. 

Isolation, Expansion and Culture of Human 
Embryonic Stem Cells 

Characterization of human embryonic stem cells: Human 
embryonic stem cells may express one or more of the stage 
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specific embryonic antigens (SSEA) 3 and 4, and markers 
detectable using antibodies designated Tra-1-60 and Tra-1-81 
(Thomson et al., Science 282:1145, 1998). Differentiation of 
human embryonic stem cells in vitro results in the loss of 
SSEA-4, Tra-1-60, and Tra-1-81 expression (if present) and 
increased expression of SSEA-1. Undifferentiated human 
embryonic stem cells typically have alkaline phosphatase 
activity, which can be detected by fixing the cells with 4% 
paraformaldehyde, and then developing with Vector Red as a 
substrate, as described by the manufacturer (Vector Labora 
tories, Burlingame Calif.) Undifferentiated pluripotent stem 
cells also typically express Oct-4 and TERT, as detected by 
RT-PCR. 

Another desirable phenotype of propagated human embry 
onic stem cells is a potential to differentiate into cells of all 
three germinal layers: endoderm, mesoderm, and ectoderm 
tissues. Pluripotency of human embryonic stem cells can be 
confirmed, for example, by injecting cells into SCID mice, 
fixing the teratomas that form using 4% paraformaldehyde, 
and then examining them histologically for evidence of cell 
types from the three germ layers. Alternatively, pluripotency 
may be determined by the creation of embryoid bodies and 
assessing the embryoid bodies for the presence of markers 
associated with the three germinal layers. 

Propagated human embryonic stem cell lines may be 
karyotyped using a standard G-banding technique and com 
pared to published karyotypes of the corresponding primate 
species. It is desirable to obtain cells that have a “normal 
karyotype', which means that the cells are euploid, wherein 
all human chromosomes are present and not noticeably 
altered. 

Sources of human embryonic stem cells: Types of human 
embryonic stem cells that may be used include established 
lines of human embryonic cells derived from tissue formed 
after gestation, including pre-embryonic tissue (such as, for 
example, a blastocyst), embryonic tissue, or fetal tissue taken 
any time during gestation, typically but not necessarily before 
approximately 10-12 weeks gestation. Non-limiting 
examples are established lines of human embryonic stem 
cells or human embryonic germ cells, such as, for example the 
human embryonic stem cell lines H1, H7, and H9 (WiCell). 
Also contemplated is use of the compositions of this disclo 
sure during the initial establishment or stabilization of such 
cells, in which case the source cells would be primary pluri 
potent cells taken directly from the source tissues. Also Suit 
able are cells taken from a pluripotent stem cell population 
already cultured in the absence of feeder cells. Also suitable 
are mutant human embryonic stem cell lines, such as, for 
example, BG01v (BresaGen, Athens, Ga.). 

In one embodiment, Human embryonic stem cells are pre 
pared as described by Thomson et al. (U.S. Pat. No. 5,843, 
780; Science 282:1145, 1998; Curr. Top. Dev. Biol. 38:133 
ff., 1998: Proc. Natl. Acad. Sci. U.S.A. 92:7844, 1995). 

Culture of human embryonic stem cells: In one embodi 
ment, human embryonic stem cells are cultured in a culture 
system that is essentially free offeeder cells, but nonetheless 
Supports proliferation of human embryonic stem cells with 
out undergoing Substantial differentiation. The growth of 
human embryonic stem cells in feeder-free culture without 
differentiation is Supported using a medium conditioned by 
culturing previously with another cell type. Alternatively, the 
growth of human embryonic stem cells in feeder-free culture 
without differentiation is Supported using a chemically 
defined medium. 

In an alternate embodiment, human embryonic stem cells 
are initially cultured layer of feeder cells that support the 
human embryonic stem cells in various ways. The human 
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44 
embryonic are then transferred to a culture system that is 
essentially free offeeder cells, but nonetheless supports pro 
liferation of human embryonic stem cells without undergoing 
substantial differentiation. 

Examples of conditioned media suitable for use in the 
present invention are disclosed in US200200721 17, U.S. Pat. 
No. 6,642,048, WO2005014799, and Xuetal (StemCells 22: 
972-980, 2004). 
An example of a chemically defined medium suitable for 

use in the present invention may be found in 
US2007OO1 OO11. 

Suitable culture media may be made from the following 
components, such as, for example, Dulbecco's modified 
Eagle's medium (DMEM), Gibco #11965-092: Knockout 
Dulbecco's modified Eagle's medium (KO DMEM), Gibco 
#10829-018; Hams F12/50% DMEM basal medium: 200 
mM L-glutamine, Gibco #15039-027; non-essential amino 
acid solution, Gibco 11140-050; B-mercaptoethanol, Sigma if 
M7522; human recombinant basic fibroblast growth factor 
(bFGF), Gibco #13256-029. 

In one embodiment, the human embryonic stem cells are 
plated onto a suitable culture substrate that is treated prior to 
treatment according to the methods of the present invention. 
In one embodiment, the treatment is an extracellular matrix 
component, such as, for example, those derived from base 
ment membrane or that may form part of adhesion molecule 
receptor-ligand couplings. In one embodiment, a the Suitable 
culture substrate is Matrigel R (Becton Dickenson). Matri 
gel(R) is a soluble preparation from Engelbreth-Holm-Swarm 
tumor cells that gels at room temperature to form a reconsti 
tuted basement membrane. 

Other extracellular matrix components and component 
mixtures are Suitable as an alternative. This may include 
laminin, fibronectin, proteoglycan, entactin, heparan Sulfate, 
and the like, alone or in various combinations. 
The human embryonic stem cells are plated onto the sub 

strate in a suitable distribution and in the presence of a 
medium that promotes cell Survival, propagation, and reten 
tion of the desirable characteristics. All these characteristics 
benefit from careful attention to the seeding distribution and 
can readily be determined by one of skill in the art. 

Isolation, Expansion and Culture of Cells Expressing 
Pluripotency Markers that are Derived from Human 

Embryonic Stem Cells 

In one embodiment, cells expressing pluripotency markers 
are derived from human embryonic stem cells by a method 
comprising the steps of 

a. Culturing human embryonic stem cells, 
b. Differentiating the human embryonic stem cells into 

cells expressing markers characteristic of definitive 
endoderm cells, and 

c. Removing the cells, and Subsequently culturing them 
under hypoxic conditions, on a tissue culture Substrate 
that is not pre-treated with a protein or an extracellular 
matrix prior to culturing the cells. 

In one embodiment, cells expressing pluripotency markers 
are derived from human embryonic stem cells by a method 
comprising the steps of 

a. Culturing human embryonic stem cells, and 
b. Removing the cells, and Subsequently culturing them 

under hypoxic conditions, on a tissue culture Substrate 
that is not pre-treated with a protein or an extracellular 
matrix. 
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Cell Culture Under Hypoxic Conditions on a Tissue Culture 
Substrate that is not Pre-Treated with a Protein or an Extra 
cellular Matrix 

In one embodiment, the cells are cultured under hypoxic 
conditions, on a tissue culture Substrate that is not coated with 
an extracellular matrix for about 1 to about 20 days. In an 
alternate embodiment, the cells are cultured under hypoxic 
conditions, on a tissue culture Substrate that is not coated with 
an extracellular matrix for about 5 to about 20 days. In an 
alternate embodiment, the cells are cultured under hypoxic 
conditions, on a tissue culture Substrate that is not coated with 
an extracellular matrix for about 15 days. 

In one embodiment, the hypoxic condition is about 1% O. 
to about 20% O. In an alternate embodiment, the hypoxic 
condition is about 2%. O. to about 10% O. In an alternate 
embodiment, the hypoxic condition is about 3% O. 
The cells may be cultured, under hypoxic conditions on a 

tissue culture substrate that is not pre-treated with a protein or 
an extracellular matrix, in medium containing serum, activin 
A, and a Wnt ligand. Alternatively, the medium may also 
contain IGF-1. 
The culture medium may have a serum concentration in the 

range of about 2% to about 5%. In an alternate embodiment, 
the serum concentration may be about 2%. 

Activin A may be used at a concentration from about 1 
pg/ml to about 100 g/ml. In an alternate embodiment, the 
concentration may be about 1 pg/ml to about 1 g/ml. In 
another alternate embodiment, the concentration may be 
about 1 pg/ml to about 100 ng/ml. In another alternate 
embodiment, the concentration may be about 50 ng/ml to 
about 100 ng/ml. In another alternate embodiment, the con 
centration may be about 100 ng/ml. 
The Wnt ligand may be selected from the group consisting 

of Wnt-1, Wnt-3a, Wnt-5a and Wnt-7a. In one embodiment, 
the Wnt ligand is Wnt-1. In an alternate embodiment, the Wnt 
ligand is Wnt-3a. 
The Wnt ligand may be used at a concentration of about 1 

ng/ml to about 1000 ng/ml. In an alternate embodiment, the 
Wnt ligand may be used at a concentration of about 10 ng/ml 
to about 100 ng/ml. In one embodiment, the concentration of 
the Wnt ligand is about 20 ng/ml. 

IGF-1 may be used at a concentration of about 1 ng/ml to 
about 100 ng/ml. In an alternate embodiment, the IGF-1 may 
be used at a concentration of about 10 ng/ml to about 100 
ng/ml. In one embodiment, the concentration of IGF-1 is 
about 50 ng/ml. 
The cells expressing pluripotency markers derived by the 

methods of the present invention are capable of expansion in 
culture under hypoxic conditions, on tissue culture Substrate 
that is not pre-treated with a protein oran extracellular matrix. 

The cells expressing pluripotency markers derived by the 
methods of the present invention express at least one of the 
following pluripotency markers selected from the group con 
sisting of ABCG2, cripto, FoxD3, Connexin43, Connexin45, 
Octa, SOX-2, Nanog, hTERT, UTF-1, ZFP42, SSEA-3, 
SSEA-4, Tra1-60, and Tra1-81. 

Further Differentiation of Cells Expressing Markers 
Characteristic of the Definitive Endoderm Lineage 

Cells expressing markers characteristic of the definitive 
endoderm lineage may be differentiated into cells expressing 
markers characteristic of the pancreatic endoderm lineage by 
any method in the art. 

For example, cells expressing markers characteristic of the 
definitive endoderm lineage may be differentiated into cells 
expressing markers characteristic of the pancreatic endoderm 
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46 
lineage according to the methods disclosed in D'Amour et al. 
Nature Biotechnology 24, 1392-1401 (2006). 

For example, cells expressing markers characteristic of the 
definitive endoderm lineage are further differentiated into 
cells expressing markers characteristic of the pancreatic 
endoderm lineage, by treating the cells expressing markers 
characteristic of the definitive endoderm lineage with a fibro 
blast growth factor and KAAD-cyclopamine, then removing 
the medium containing the fibroblast growth factor and 
KAAD-cyclopamine and Subsequently culturing the cells in 
medium containing retinoic acid, a fibroblast growth factor 
and KAAD-cyclopamine. An example of this method is dis 
closed in D'Amour et al. Nature Biotechnology, 24: 1392 
1401, (2006). 
Markers characteristic of the pancreatic endoderm lineage 

are selected from the group consisting of Pdx1, HNF-1beta, 
PTF1a, HNF-6, HB9 and PROX1. Suitable for use in the 
present invention is a cell that expresses at least one of the 
markers characteristic of the pancreatic endoderm lineage. In 
one aspect of the present invention, a cell expressing markers 
characteristic of the pancreatic endoderm lineage is a pancre 
atic endoderm cell. 

Further Differentiation of Cells Expressing Markers 
Characteristic of the Pancreatic Endoderm Lineage 

Cells expressing markers characteristic of the pancreatic 
endoderm lineage may be differentiated into cells expressing 
markers characteristic of the pancreatic endocrine lineage by 
any method in the art. 

For example, cells expressing markers characteristic of the 
pancreatic endoderm lineage may be differentiated into cells 
expressing markers characteristic of the pancreatic endocrine 
lineage according to the methods disclosed in D'Amour et al. 
Nature Biotechnology 24, 1392-1401 (2006). 

Markers characteristic of the pancreatic endocrine lineage 
are selected from the group consisting of NGN-3, NeuroD, 
Islet-1, Pdx-1, NKX6.1, Pax-4, Ngn-3, and PTF-1 alpha. In 
one embodiment, a pancreatic endocrine cell is capable of 
expressing at least one of the following hormones: insulin, 
glucagon, Somatostatin, and pancreatic polypeptide. Suitable 
for use in the present invention is a cell that expresses at least 
one of the markers characteristic of the pancreatic endocrine 
lineage. In one aspect of the present invention, a cell express 
ing markers characteristic of the pancreatic endocrine lineage 
is a pancreatic endocrine cell. The pancreatic endocrine cell 
may be a pancreatic hormone expressing cell. Alternatively, 
the pancreatic endocrine cell may be a pancreatic hormone 
secreting cell. 

In one aspect of the present invention, the pancreatic endo 
crine cell is a cell expressing markers characteristic of the B 
cell lineage. A cell expressing markers characteristic of the B 
cell lineage expresses Pdx1 and at least one of the following 
transcription factors: NGN-3, Nkx2.2, Nkx6.1, NeuroD, Isl 
1. HNF-3 beta, MAFA, Pax4, and Pax6. In one aspect of the 
present invention, a cell expressing markers characteristic of 
the B cell lineage is a B cell. 

Detection of Cells Expressing Markers 
Characteristic of the Definitive Endoderm Lineage 

Formation of cells expressing markers characteristic of the 
definitive endoderm lineage may be determined by testing for 
the presence of the markers before and after following a 
particular protocol. Pluripotent stem cells typically do not 
express Such markers. Thus, differentiation of pluripotent 
cells is detected when cells begin to express them. 



US 8,623,648 B2 
47 

The efficiency of differentiation may be determined by 
exposing a treated cell population to an agent (Such as an 
antibody) that specifically recognizes a protein marker 
expressed by cells expressing markers characteristic of the 
definitive endoderm lineage. 

Methods for assessing expression of protein and nucleic 
acid markers in cultured or isolated cells are standard in the 
art. These include quantitative reverse transcriptase poly 
merase chain reaction (RT-PCR), Northern blots, in situ 
hybridization (see, e.g., Current Protocols in Molecular Biol 
ogy (Ausubel et al., eds. 2001 Supplement)), and immunoas 
says Such as immunohistochemical analysis of sectioned 
material, Western blotting, and for markers that are accessible 
in intact cells, flow cytometry analysis (FACS) (see, e.g., 
Harlow and Lane. Using Antibodies: A Laboratory Manual, 
New York: Cold Spring Harbor Laboratory Press (1998)). 

Examples of antibodies useful for detecting certain protein 
markers are listed in Table IA. It should be noted that alternate 
antibodies directed to the same markers that are recognized 
by the antibodies listed in Table IA are available, or can be 
readily developed. Such alternate antibodies can also be 
employed for assessing expression of markers in the cells 
isolated in accordance with the present invention. 

For example, characteristics of pluripotent stem cells are 
well known to those skilled in the art, and additional charac 
teristics of pluripotent stem cells continue to be identified. 
Pluripotent stem cell markers include, for example, the 
expression of one or more of the following: ABCG2, cripto. 
FoxD3, Connexin43, Connexin45, Oct4, Sox2, Nanog, 
hTERT, UTF-1, ZFP42, SSEA-3, SSEA-4, Tra1-60, Tra1-81. 

After treating pluripotent stem cells with the methods of 
the present invention, the differentiated cells may be purified 
by exposing a treated cell population to an agent (Such as an 
antibody) that specifically recognizes a protein marker, Such 
as CXCR4, expressed by cells expressing markers character 
istic of the definitive endoderm lineage. 

Detection of Cells Expressing Markers 
Characteristic of the Pancreatic Endoderm Lineage 

Markers characteristic of the pancreatic endoderm lineage 
are well known to those skilled in the art, and additional 
markers characteristic of the pancreatic endoderm lineage 
continue to be identified. These markers can be used to con 
firm that the cells treated in accordance with the present 
invention have differentiated to acquire the properties char 
acteristic of the pancreatic endoderm lineage. Pancreatic 
endoderm lineage specific markers include the expression of 
one or more transcription factors such as, for example, Hlxb9. 
PTF-1a, PDX-1. HNF-6, HNF-1beta. 
The efficiency of differentiation may be determined by 

exposing a treated cell population to an agent (Such as an 
antibody) that specifically recognizes a protein marker 
expressed by cells expressing markers characteristic of the 
pancreatic endoderm lineage. 

Methods for assessing expression of protein and nucleic 
acid markers in cultured or isolated cells are standard in the 
art. These include quantitative reverse transcriptase poly 
merase chain reaction (RT-PCR), Northern blots, in situ 
hybridization (see, e.g., Current Protocols in Molecular Biol 
ogy (Ausubel et al., eds. 2001 Supplement)), and immunoas 
says Such as immunohistochemical analysis of sectioned 
material, Western blotting, and for markers that are accessible 
in intact cells, flow cytometry analysis (FACS) (see, e.g., 
Harlow and Lane. Using Antibodies: A Laboratory Manual, 
New York: Cold Spring Harbor Laboratory Press (1998)). 
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Examples of antibodies useful for detecting certain protein 

markers are listed in Table IA. It should be noted that alternate 
antibodies directed to the same markers that are recognized 
by the antibodies listed in Table IA are available, or can be 
readily developed. Such alternate antibodies can also be 
employed for assessing expression of markers in the cells 
isolated in accordance with the present invention. 

Detection of Cells Expressing Markers 
Characteristic of the Pancreatic Endocrine Lineage 

Markers characteristic of cells of the pancreatic endocrine 
lineage are well known to those skilled in the art, and addi 
tional markers characteristic of the pancreatic endocrine lin 
eage continue to be identified. These markers can be used to 
confirm that the cells treated in accordance with the present 
invention have differentiated to acquire the properties char 
acteristic of the pancreatic endocrine lineage. Pancreatic 
endocrine lineage specific markers include the expression of 
one or more transcription factors such as, for example, NGN 
3, NeuroD, Islet-1. 

Markers characteristic of cells of the B cell lineage are well 
known to those skilled in the art, and additional markers 
characteristic of the B cell lineage continue to be identified. 
These markers can be used to confirm that the cells treated in 
accordance with the present invention have differentiated to 
acquire the properties characteristic of the B-cell lineage. B 
cell lineage specific characteristics include the expression of 
one or more transcription factors such as, for example, Pdx1 
(pancreatic and duodenal homeobox gene-1), NkX2.2, 
Nkx6.1, Isl1, Pax6, Pax4, NeuroD, Hnflb, Hnf-6, Hnf-3beta, 
and MafA, among others. These transcription factors are well 
established in the art for identification of endocrine cells. See, 
e.g., Edlund (Nature Reviews Genetics 3: 524-632 (2002)). 
The efficiency of differentiation may be determined by 

exposing a treated cell population to an agent (such as an 
antibody) that specifically recognizes a protein marker 
expressed by cells expressing markers characteristic of the 
pancreatic endocrine lineage. Alternatively, the efficiency of 
differentiation may be determined by exposing a treated cell 
population to an agent (such as an antibody) that specifically 
recognizes a protein marker expressed by cells expressing 
markers characteristic of the B cell lineage. 
Methods for assessing expression of protein and nucleic 

acid markers in cultured or isolated cells are standard in the 
art. These include quantitative reverse transcriptase poly 
merase chain reaction (RT-PCR), Northern blots, in situ 
hybridization (see, e.g., Current Protocols in Molecular Biol 
ogy (Ausubel et al., eds. 2001 Supplement)), and immunoas 
says such as immunohistochemical analysis of sectioned 
material, Western blotting, and for markers that are accessible 
in intact cells, flow cytometry analysis (FACS) (see, e.g., 
Harlow and Lane. Using Antibodies: A Laboratory Manual, 
New York: Cold Spring Harbor Laboratory Press (1998)). 

Examples of antibodies useful for detecting certain protein 
markers are listed in Table IA. It should be noted that alternate 
antibodies directed to the same markers that are recognized 
by the antibodies listed in Table IA are available, or can be 
readily developed. Such alternate antibodies can also be 
employed for assessing expression of markers in the cells 
isolated in accordance with the present invention. 
The present invention is further illustrated, but not limited 

by, the following examples. 

EXAMPLE 1. 

Human Embryonic Stem Cell Culture 

Stem cells are undifferentiated cells defined by their ability 
at the single cell level to both self-renew and differentiate to 
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produce progeny cells, including self-renewing progenitors, 
non-renewing progenitors, and terminally differentiated 
cells. Stem cells are also characterized by their ability to 
differentiate in vitro into functional cells of various cell lin 
eages from multiple germ layers (endoderm, mesoderm and 
ectoderm), as well as to give rise to tissues of multiple germ 
layers following transplantation and to contribute Substan 
tially to most, if not all, tissues following injection into blas 
tocysts. 

The human embryonic stem cell lines H1, H7 and H9 were 
obtained from WiCell Research Institute, Inc., (Madison, 
Wis.) and cultured according to instructions provided by the 
source institute. Briefly, cells were cultured on mouse embry 
onic fibroblast (MEF) feeder cells in ES cell medium consist 
ing of DMEM/F12 (Invitrogen/GIBCO) supplemented with 
20% knockout serum replacement, 100 nM MEM nonessen 
tial amino acids, 0.5 mM beta-mercaptoethanol. 2 mM 
L-glutamine with 4 ng/ml human basic fibroblast growth 
factor (bFGF) (all from Invitrogen/GIBCO). MEF cells, 
derived from E13 to 13.5 mouse embryos, were purchased 
from Charles River. MEF cells were expanded in DMEM 
medium supplemented with 10% FBS (Hyclone), 2 mM 
glutamine, and 100 mM MEM nonessential amino acids. 
Sub-confluent MEF cell cultures were treated with 10 ug/ml 
mitomycin C (Sigma, St. Louis, Mo.) for 3 h to arrest cell 
division, then trypsinized and plated at 2x10/cm on 0.1% 
bovine gelatin-coated dishes. MEF cells from passage two 
through four were used as feeder layers. Human embryonic 
stem cells plated on MEF cell feeder layers were cultured at 
37°C. in an atmosphere of 5% CO/within a humidified tissue 
culture incubator. When confluent (approximately 5-7 days 
after plating), human embryonic stem cells were treated with 
1 mg/ml collagenase type IV (Invitrogen/GIBCO) for 5-10 
min and then gently scraped off the Surface using a 5-ml 
pipette. Cells were spun at 900 rpm for 5 min, and the pellet 
was resuspended and re-plated at a 1:3 to 1:4 ratio of cells in 
fresh culture medium. 

In parallel, H1, H7, and H9 human embryonic stem cells 
were also seeded on plates coated with a 1:30 dilution of 
growth factor reduced MATRIGELTM (BD Biosciences) and 
cultured in MEF-conditioned media supplemented with 8 
ng/mlbFGF. The cells cultured on MATRIGELTM were rou 
tinely passaged with collagenase IV (Invitrogen/GIBCO), 
Dispase (BD Biosciences) or Liberase enzyme (Source). 
Some of the human embryonic stem cell cultures were incu 
bated under hypoxic conditions (approximately 3% O2). 

EXAMPLE 2 

Derivation and Culture of Cells Expressing 
Pluripotency Markers, Derived from Human 

Embryonic Stem Cells 

Cells from the human embryonic stem cell lines H1 and H9 
various passages (Passage 30-54) were cultured under 
hypoxic conditions (approximately 3% O.) for at least three 
passages. The cells were cultured in MEF-CM supplemented 
with 8 ng/ml of bFGF and plated on MATRIGEL coated 
plates according to Example 1. 

Cells were then treated with DMEM/F 12 medium supple 
mented with 0.5% FBS, 20 ng/ml WNT-3a (Catalog #1324 
WN-002, R&D Systems, MN), and 100 ng/ml Activin-A 
(R&D Systems, MN) for two days followed by treatment with 
DMEM/F 12 media supplemented with 2% FBS and 100 
ng/ml Activin-A (AA) for an additional 3 to 4 days. This 
protocol resulted in significant upregulation of definitive 
endoderm markers. 
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The cells were then treated with TrypLETM Express solu 

tion (Invitrogen, CA) for 5 mins. Released cells were resus 
pended in DMEM-F12+2% FBS medium, recovered by cen 
trifugation, and counted using a hemocytometer. The released 
cells were seeded at 1000-10,000 cells/cm on tissue culture 
polystyrene (TCPS) treated flasks and cultured in DMEM 
F12+2% FBS+100 ng/ml activin-A+20 ng/ml WNT-3A 
under hypoxic conditions (approximately 3% O) at 37°C. in 
standard tissue culture incubator. The TCPS flasks were not 
coated with MATRIGEL or other extracellular matrix pro 
teins. The media was changed daily. In some cultures, the 
media was further supplemented with 10-50 ng/ml of IGF-I 
(insulin growth factor-I from R&D Systems, MN) or 1xITS 
(Insulin, transferrin, and selenium from Invitrogen, Ca). In 
some of the culture conditions the basal media (DM-F12+2% 
FBS) was further supplemented with 0.1 mM mercaptoetha 
nol (Invitrogen, CA) and non-essential amino acids (1x, 
NEAA from Invitrogen, CA). 

Following 5 to 15 days of culturing, distinct cell colonies 
appeared Surrounded by a large number of enlarged cells that 
appear to be in senescence. At approximately 50 to 60% 
confluency, the cultures were passaged by exposure to 
TrypLETM Express solution for 5 mins at room temperature. 
The released cells were resuspended in DMEM-F12+2% 
FBS medium, recovered by centrifugation, and seeded at 
10,000 cells/cm on tissue culture polystyrene (TCPS) treated 
flasks in DMEM-F12+2% FBS+100 ng/ml activin-A+20 
ng/ml WNT-3A+/-50 ng/ml of IGF-I. This media will be 
further referred to as the “growth media”. 

EXAMPLE 3 

Derivation of Cells Expressing Pluripotency Markers 
from a Single Cell Suspension of Human Embryonic 

Stem Cells 

Cells from the human embryonic stem cell lines H1 P33 
and H9 P45 were cultured under hypoxic conditions (ap 
proximately 3% O.) for at least three passages. The cells were 
cultured in MEF-CM supplemented with 8 ng/ml of bFGF 
and plated on MATRIGEL coated plates according to 
Example 1. At approximately 60% confluency, the cultures 
were exposed to TrypLETM Express solution (Invitrogen, CA) 
for 5 mins. Released cells were resuspended in DMEM-F12+ 
2% FBS medium, recovered by centrifugation, and counted 
using a hemocytometer. The released cells were seeded at 
1000 to 10,000 cells/cm on tissue culture polystyrene 
(TCPS) treated flasks and cultured in DM-F12+2% FBS+100 
ng/ml activin-A+20 ng/ml WNT-3A+50 ng/ml of IGF-I--0.1 
mM mercaptoethanol (Invitrogen, CA) and non-essential 
amino acids (1x, NEAA from Invitrogen, CA) under hypoxic 
conditions (approximately 3%O) at 37°C. in standard tissue 
culture incubator. The TCPS flasks were not coated with 
MATRIGEL or other extracellular matrix proteins. The 
media was changed daily. The first passage cells are referred 
to as P1. 

EXAMPLE 4 

Various Growth Media Useful for Expansion of Cells 
Expressing Pluripotency Markers Derived from 

Human Embryonic Stem Cells 

Cells expressing pluripotency markers derived from 
human embryonic stem cells have been Successfully cultured 
in the following media compositions for at least 2-30 pas 
Sages: 
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1. DM-F12+2% FBS+100 ng/ml AA+20 ng/ml WNT-3A 
2. DM-F12+2% FBS+100 ng/ml AA+20 ng/ml WNT-3A+ 

50 ng/ml IGF-I 
3. DM-F12+2% FBS+100 ng/ml AA+20 ng/ml WNT-3A+ 

10 ng/ml IGF-I 5 
4. DM-F12+2% FBS+50 ng/ml AA+20 ng/ml WNT-3A+ 

50 ng/ml IGF-I 
5. DM-F12+2% FBS+50 ng/ml AA+10 ng/ml WNT-3A+ 

50 ng/ml IGF-I 
6. DM-F12+2% FBS+50 ng/ml AA+20 ng/ml WNT-3A+ 10 

10 ng/ml IGF-I 
7. DM-F12+2% FBS+100 ng/ml AA+10 ng/ml WNT-3A+ 

10 ng/ml IGF-I 
8. HEScGRO defined media (Chemicon, CA) 
The basal component of the above listed media may be 15 

replaced with similar media such as, RPMI, DMEM, CRML, 
KnockoutTMDMEM, and F12. 

EXAMPLE 4 
2O 

Effects of Inhibitors of GSK-3? Enzyme Activity on 
the Viability of Cells Expressing Pluripotency 

Markers 

Derivation and maintenance of cells expressing pluripo- 25 
tency makers was conducted as has been described in 
Example 2. Cells were grown in DMEM:F12 supplemented 
with 2% FCS (Invitrogen), 100 ng/ml Activin A, 20 ng/ml 
Wnt-3a, and 50 ng/ml IGF (R&D Biosystems). Cells were 
seeded at a density of 10,000 cells/cm on Falcon polystyrene 30 
flasks and grown in monolayer culture at 37°C., 5% CO., low 
oxygen. After reaching 60-70% confluence, cells were passed 
by washing the monolayer with PBS and incubating with 
TrypLE (Invitrogen) for 3-5 minutes to allow detachment and 
single cell dispersal. 35 

Screening was conducted using test compounds from a 
proprietary library of small molecules selected for their abil 
ity to inhibit GSK-3B enzyme activity. Compounds from this 
library were made available as 1 mM stocks, in a 96-well plate 
format in 50 mM HEPES, 30% DMSO. For assay, cells 40 
expressing pluripotency markers were washed, counted, and 
plated in normal culture medium at a seeding density of 
20,000 cells per well in 96-well clear-bottom, dark-well 
plates (CoStar). This seeding density was previously deter 
mined to yield optimal monolayer formation in overnight 45 
culture. On the following day, culture medium was removed, 
cell monolayers were rinsed three times with PBS, and test 
compounds were added to the wells in 80 ul aliquots, each 
diluted into assay medium at a final assay concentration of 10 
uM. On day 2 of the assay, medium was removed from each 50 
well and replaced with a fresh aliquot of test compounds 
diluted into assay medium. Assay medium on days 1 and 2 of 
culture consisted of DMEM:F12 supplemented with 0.5% 
FCS and 100 ng/ml Activin A. On days 3 and 4 of culture, 
medium was removed from each well and replaced with 55 
DMEM:F12 supplemented with 2% FCS and 100 ng/ml 
Activin A (no test compound). On day 4 of assay, 15 Jul of 
MTS (Promega) was added to each well and plates were 
incubated at 37°C. for 1.5 to 4 hours prior to reading optical 
density at 490 nm on a SpectraMax (Molecular Devices) 60 
instrument. Statistical measures consisting of mean, standard 
deviation, and coefficient of variation were calculated for 
each duplicate set. Toxicity was calculated for each test well 
relative to a positive control (wells treated with Activin A and 
Wnt3a on days 1 and 2 of culture). 65 

Table II is a compilation of all screening results. Cells 
expressing pluripotency markers were plated initially as a 
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confluent monolayer in this assay; hence, the results are rep 
resentative of a toxicity measure over the four-day culture 
period. Results are expressed as percentage viability of con 
trol, and demonstrate variable toxicity for some compounds 
at the 10 LM screening concentration used. A larger propor 
tion of the compounds have minimal or no measurable tox 
icity in this cell-based assay. 
A Small panel of select compounds was repeat tested over 

a narrow dose titration range, again using cells expressing 
pluripotency markers in a similar assay as described above. 
Table III is a Summary of these results, demonstrating vari 
able dose titration effects for a range of toxic and non-toxic 
compounds. 

EXAMPLE 5 

Effects of Inhibitors of GSK-3? Enzyme Activity on 
the Differentiation and Proliferation of Human 
Embryonic Stem Cells Determined Using a High 

Content Screening Assay 

Maintenance of human embryonic stem cells (H9 line) was 
conducted as described in Example 1. Colonies of cells were 
maintained in an undifferentiated, pluripotent state with pas 
sage on average every four days. Passage was performed by 
exposing cell cultures to a solution of collagenase (1 mg/ml; 
Sigma-Aldrich) for 10 to 30 minutes at 37° C. followed by 
gentle Scraping with a pipette tip to recover cell clusters. 
Clusters were allowed to sediment by gravity, followed by 
washing to remove residual collagenase. Cell clusters were 
split at a 1:3 ratio for routine maintenance culture or a 1:1 
ratio for immediate assay. The human embryonic stem cell 
lines used were maintained at passage numbers less than 
passage 50 and routinely evaluated for normal karyotypic 
phenotype and absence of mycoplasma contamination. 

Cell clusters used in the assay were evenly resuspended in 
normal culture medium and plated onto MATRIGEL-coated 
96-well Packard VIEWPLATES (PerkinElmer) involumes of 
100 ul/well. MEF conditioned medium supplemented with 8 
ng/mlbFGF was used for initial plating and recovery. Daily 
feeding was conducted by aspirating spent culture medium 
from each well and replacing with an equal Volume of fresh 
medium. Plates were maintained at 37° C., 5% CO in a 
humidified box throughout the duration of assay. 

Screening was conducted using test compounds from a 
proprietary library of small molecules selected for their abil 
ity to inhibit GSK-3B enzyme activity. Compounds from this 
library were made available as 1 mM stocks, in a 96-well plate 
format in 50 mM HEPES, 30% DMSO. Screening com 
pounds were tested in triplicate or duplicate sets. Primary 
screening assays were initiated by aspirating culture medium 
from each well followed by three washes in PBS to remove 
residual growth factors and serum. Test volumes of 80 to 100 
ul per well were added back containing DMEM:F12 base 
medium (Invitrogen) supplemented with 0.5% FCS (Hy 
Clone) and 100 ng/ml activin A (R&D Biosystems) plus 10 
uM test compound. Positive control wells contained the same 
base medium, substituting 10-20 ng/ml Wnt3a (R&D Biosys 
tems) for the test compound. Negative control wells con 
tained base medium with 0.5% FCS and activin A alone (AA 
only) or alternatively, 0.5% FCS without activin A or Wnt3a 
(no treatment). Wells were aspirated and fed again with iden 
tical Solutions on day 2 of assay. On days 3 and 4, all assay 
wells were aspirated and converted to DMEM:F12 supple 
mented with 2% FCS and 100 ng/ml activin A (without test 
compound or Wnt3a); parallel negative control wells were 
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maintained in DMEM:F12 base medium with 2% FCS and 
activin A (AA only) or alternatively, 2% FCS without activin 
A (no treatment). 

At the end of culture, cells in 96-well plates were fixed with 
4% paraformaldehyde at room temperature for 20 minutes, 
washed three times with PBS, and then permeabilized with 
0.5% TritonX-100 for 20 minutes at room temperature. Alter 
natively, cells were fixed with ice cold 70% ethanol overnight 
at -20°C., washed three times with PBS, and then permeabi 
lized with Triton X-100 for 5 minutes at 4°C. After fixing and 
permeabilizing, cells were washed again three times with 
PBS and then blocked with 4% chicken serum (Invitrogen) in 
PBS for 30 minutes at room temperature. Primary antibodies 
(goat anti-human Sox 17 and goat anti-human HNF-3beta; 
R&D Systems) were diluted 1:100 in 4% chicken serum and 
added to cells for one hour at room temperature. Alexa Fluor 
488 conjugated secondary antibody (chicken anti-goat IgG; 
Molecular Probes) was diluted 1:200 in PBS and added after 
washing the cells three times with PBS. To counterstain 
nuclei, 5 mMDraq.5 (Alexis Biochemicals) was added for five 
minutes at room temperature. Cells were washed once with 
PBS and left in 100 ml/well PBS for imaging. 

Cells were imaged using an IN Cell Analyzer 1000 (GE 
Healthcare) utilizing the 51008bs dichroic for cells stained 
with Draq.5 and Alexa Fluor 488. Exposure times were opti 
mized using a positive control wells and wells with secondary 
only for untreated negative controls. Twelve fields per well 
were obtained to compensate for any cell loss during the 
treatment and staining procedures. Total cell numbers and 
total cell intensity for Sox-17 and HNF-3beta were measured 
using the IN Cell Developer Toolbox 1.6 (GE Healthcare) 
software. Segmentation for the nuclei was determined based 
on grey-scale levels (baseline range 100-300) and nuclear 
size. Averages and standard deviations were calculated for 
replicates. Total protein expression was reported as total 
intensity or integrated intensity, defined as total fluorescence 
of the cell times area of the cell. Background was eliminated 
based on acceptance criteria of grey-scale ranges between 
300 to 3000 and form factors greater than or equal to 0.4. Total 
intensity data were normalized by dividing the total intensi 
ties for each well by the average total intensity for the Wnt3a/ 
Activin A positive control. Normalized data was calculated 
for averages and standard deviation for each replicate set. 

Table IV is a representative summary of all screening 
results. Table V is a list of hits from this screening. Strong hits 
are defined as greater than or equal to 120% of control values: 
moderate hits are defined as falling within the interval of 
60-120% of control values. A significant number of com 
pounds induce both a proliferative response in this assay. In 
parallel, a significant number of compounds induce differen 
tiation in this assay, as measured by the protein expression of 
Sox 17 and Hnf-3b transcription factors. 

EXAMPLE 6 

Effects of Inhibitors of GSK-3? Enzyme Activity on 
the Proliferation of Human Embryonic Stem Cells 

Determined Using a Plate Reader Assay 

Maintenance of human embryonic stem cells (H9 or H1 
lines) was conducted as described in Example 1. Colonies of 
cells were maintained in an undifferentiated, pluripotent state 
with passage on average every four days. Passage was per 
formed by exposing cell cultures to a solution of collagenase 
(1 mg/ml; Sigma-Aldrich) for 10 to 30 minutes at 37° C. 
followed by gentle Scraping with a pipette tip to recover cell 
clusters. Clusters were allowed to sediment and washed to 
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remove residual collagenase. Cell clusters were split at a ratio 
of 1:3 monolayer area for routine culture or a 1:1 ratio for 
immediate assay. The human embryonis stem cell lines used 
for these examples were maintained at passage numbers less 
than 50 and routinely evaluated for normal karyotypic phe 
notype as well as absence of mycoplasm contamination. 

Cell clusters used in assay were evenly resuspended in 
normal culture medium and plated into MATRIGEL-coated 
96-well Packard VIEWPLATES (PerkinElmer) involumes of 
100 ul/well. MEF conditioned medium supplemented with 8 
ng/mlbFGF) was used for initial plating and recovery. Daily 
feeding was conducted by aspirating spent culture medium 
from each well and replacing with an equal Volume of fresh 
medium. Plates were maintained at 37° C. in a humidified 
box. 5% CO throughout the duration of assay. 

Primary Screening assays were initiated by aspirating cul 
ture medium from each well followed by three washes in PBS 
to remove residual growth factors and serum. Test Volumes of 
80-100 ul per well were added back containing DMEM:F12 
base medium (Invitrogen) supplemented with 0.5% FCS (Hy 
Clone) and 100 ng/ml activin A (R&D Biosystems) and 10 
uM test compound. Positive control wells contained the same 
medium substituting 10-20 ng/ml Wnt3a (R&D Biosystems). 
Negative control wells contained base medium with 0.5% 
FCS without activin A or Wnt3a. Screening compounds were 
tested in triplicate. Wells were aspirated and fed again with 
identical Solutions on day 2 of the assay. On days 3 and 4, all 
assay wells were aspirated and converted to DMEM:F12 
supplemented with 2% FCS and 100 ng/ml activinA with the 
exception of negative control wells which were maintained in 
DMEM:F12 base medium with 2% FCS. 
On day 4 of assay, 15-20 ul of MTS (Promega) was added 

to each well and plates were incubated at 37° C. for 1.5 to 4 
hours. Densitometric readings at OD490 were determined 
using a Molecular Devices spectrophotometer plate reader. 
Average readings for replicate sets were calculated along with 
standard deviation and coefficient of variation. Experimental 
wells were compared to the Activin A/Wnt3a positive control 
to calculate a percent control value as a measure of prolifera 
tion. 

Table VI is a representative summary of all screening 
results. Table VII is a list of hits from this screening. Strong 
hits are defined as greater than or equal to 120% of control 
values; moderate hits are defined as falling within the interval 
of 60-120% of control values. A significant number of com 
pounds induce a proliferative response in this assay. 

EXAMPLE 7 

Effects of GSK-3? Enzyme Inhibitors on the 
Differentiation and Proliferation of Human 

Embryonic Stem Cells: Dose Titration of Lead 
Compounds 

It was important to confirm the activity of hits identified 
from primary Screening and further analyze the range of 
activity by dose titration. New samples of a selective subset of 
primary Screening hits were obtained as dry powders, solu 
bilized to make fresh stock reagents, and diluted into second 
ary confirmation assays to evaluate effects on human embry 
onic stem cells. 

Culture of two human embryonic stem cells (H1 and H9) 
was conducted as described in Example 1. Colonies of cells 
were maintained in an undifferentiated, pluripotent state on 
MatrigelTM (Invitrogen)-coated polystyrene plastic, using a 
1:30 dilution of MatrigelTM in DMEM:F12 to coat the sur 
face. Cells were split by enzymatic passage every four days 
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on average. Passage was performed by exposing cell mono 
layers to a solution of collagenase (1 mg/ml; Sigma-Aldrich) 
for 10 to 60 minutes at 37° C. followed by gentle scraping 
with a pipette tip to recover cell clusters. Clusters were 
allowed to sediment by gravity, then washed to remove 
residual collagenase. Cell clusters were split at a 1:3 ratio for 
maintenance culture or a 1:1 ratio for Subsequent assay. The 
human embryonic stem cell lines were maintained at less than 
passage 50 and routinely evaluated for normal karyotypic 
phenotype and absence of mycoplasma contamination. 

Preparation of cells for assay: Cell clusters of the H1 or H9 
human embryonic stem cell lines used in the assay were 
evenly resuspended in culture medium and plated onto Matri 
gelTM-coated 96-well Packard VIEWPLATES (PerkinElmer) 
in volumes of 100 ul/well. MEF conditioned medium supple 
mented with 8 ng/ml bFGF was used for initial plating and 
expansion. Daily feeding was conducted by aspirating spent 
culture medium from each well and replacing with an equal 
volume of fresh medium. Cultures were allowed to expand 
one to three days after plating prior to initiating assay. Plates 
were maintained at 37°C., 5% CO, in a humidified box for the 
duration of assay. 

Preparation of compounds and assay medium: A Subset of 
hits resulting from primary screening was used for follow-up 
study and Subsequent secondary assays. Twenty compounds 
available as dry powders were solubilized as 10 mM stocks in 
DMSO and stored dessicated at -20° C. until use. Immedi 
ately prior to assay, compound stocks were diluted 1:1000 to 
make 10 uM test compound in DMEM:F12 base medium 
(Invitrogen) supplemented with 0.5% FCS (HyClone) and 
100 ng/ml Activin A (R&D Biosystems). This was further 
diluted two-fold in series to make a seven point dilution curve 
for each compound, also in DMEM:F12 base medium with 
0.5% FCS and 100 ng/ml Activin A. 

Secondary screening assay: Assay was initiated by aspirat 
ing culture medium from cell monolayers in each well fol 
lowed by three washes in PBS to remove residual growth 
factors and serum. Test volumes of 100 ul per well were added 
back containing medium with 0.5% FCS and different con 
centrations of inhibitor compounds with 100 ng/ml ActivinA, 
without Wnt3a. Positive control wells contained the same 
base medium with 0.5% FCS and with 20 ng/ml Wnt3a (R&D 
Biosystems) in the absence of test compound. Negative con 
trol wells contained the same base medium with 0.5% FCS, in 
the absence of Activin A, Wnt3a, or test compound. Assay 
wells were aspirated and fed again with identical concentra 
tions of test compound or control solutions on day 2 of assay. 
On days 3 and 4, all assay wells were aspirated and fed with 
DMEM:F12 supplemented with 2% FCS and 100 ng/ml 
Activin A in the absence of both test compound or Wnt3a. 
Parallel negative control wells were maintained on days 3 and 
4 in DMEM:F12 base medium with 2% FCS. 

Assay evaluation: At the end of culture, cells in 96-well 
plates were washed twice with PBS then fixed with 4% 
paraformaldehyde at room temperature for 20 minutes, 
washed three times more with PBS, and then permeabilized 
with 0.5% Triton X-100 for 20 minutes at room temperature. 
After fixing and permeabilizing, cells were washed again 
three times with PBS and then blocked with 4% chicken 
serum (Invitrogen) in PBS for 30 minutes at room tempera 
ture. Primary antibodies (goat anti-human Sox 17: R&D Sys 
tems) were diluted 1:100 in 4% chicken serum and added to 
the cells for one hour at room temperature. Alexa Fluor 488 
conjugated secondary antibody (chicken anti-goat IgG; 
Molecular Probes) was diluted 1:200 in PBS and added to 
each well after washing the cells three times with PBS. To 
counterstain nuclei, 2 ug/ml Hoechst 33342 (Invitrogen) was 
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added for ten minutes at room temperature. Cells were 
washed once with PBS and left in 100 ul?well PBS for imag 
1ng. 

Cells were imaged using an IN Cell Analyzer 1000 (GE 
Healthcare) utilizing the 51008bs dichroic for cells stained 
with Hoechst 33342 and Alexa Fluor 488. Exposure times 
were optimized using positive control wells and wells stained 
with secondary antibody alone as an untreated negative con 
trol. Images from 15 fields per well were acquired to com 
pensate for any cell loss during the treatment and staining 
procedures. Measurements for total cell number and total 
Sox-17 intensity were obtained for each well using IN Cell 
Developer Toolbox 1.7 (GE Healthcare) software. Segmen 
tation for the nuclei was determined based on grey-scale 
levels (baseline range 100-300) and nuclear size. Averages 
and standard deviations were calculated for each replicate 
data set. Total Sox 17 protein expression was reported as total 
intensity or integrated intensity, defined as total fluorescence 
of the cell times area of the cell. Background was eliminated 
based on acceptance criteria of grey-scale ranges between 
300 to 3000 and form factors greater than or equal to 0.4. Total 
intensity data were normalized by dividing the total intensi 
ties for each well by the average total intensity for the Wnt3a/ 
Activin A positive control. Normalized data were calculated 
for averages and standard deviations for each replicate set. 

Results 

Results are shown for eight GSK-3B enzyme inhibitors 
where activity was confirmed and potency was determined by 
titration in this secondary assay. Data presented show com 
pound effects on cell number and Sox 17 intensity where 
respective data points were averaged from a duplicate set and 
mined for each parameter from identical fields and wells. In 
this example, Sox 17 expression is indicative of definitive 
endoderm differentiation. Results for cell number and Sox17 
intensity, respectively, using the H1 human embryonic stem 
cell line are shown in Tables VIII and IX. Results for the H9 
human embryonic stem cell line are shown in Tables X and 
XI. Positive control values were normalized to 1.000 for cell 
number and Sox 17 intensity. Negative control values were 
less-than 0.388 for cell number and less-than 0.065 for SOX17 
intensity with both cell lines. A graphic portrayal of these 
data, comparing both human embryonic stem cell lines and 
including a dose titration of each compound, is provided in 
FIGS. 1 to 8. Cell number is presented in panel A; Sox 17 
intensity is shown in panel B. These data confirm that each 
compound can promote hES cell proliferation and definitive 
endoderm differentiation and identify an optimal range of 
activity. 

EXAMPLE 8 

Effects of GSK-3? Enzyme Inhibitors on the 
Expression of Additional Markers Associated with 

Definitive Endoderm 

It was important to demonstrate that lead compounds could 
also induce other markers indicative of definitive endoderm 
differentiation, in addition to the transcription factor Sox17. 
A select subset of hits was tested for their ability to promote 
expression of CXCR4, a surface receptor protein, and HNF-3 
beta, a transcription factor also associated with definitive 
endoderm differentiation. 

Preparation of cells for assay: Cell clusters from the H1 
human embryonis stem cell line used in the assay were evenly 
resuspended in culture medium and plated onto MATRI 
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GELTM-coated (1:30 dilution) 6-well plates (Corning) in vol 
umes of 2 ml/well. MEF conditioned medium supplemented 
with 8 ng/mlbFGF was used for initial plating and expansion. 
Daily feeding was conducted by aspirating spent culture 
medium from each well and replacing with an equal Volume 
of fresh medium. Cultures were allowed to expand one to 
three days after plating prior to initiating assay. Plates were 
maintained at 37°C., 5% CO, for the duration of assay. 

Preparation of compounds and assay medium: A Subset of 
seven hits resulting from primary screening was used for 
follow-up study and Subsequent secondary assays. Neat com 
pounds were solubilized as 10 mM stocks in DMSO and 
stored dessicated at -20° C. until use. Immediately prior to 
assay, compound stocks were diluted to a final concentration 
ranging between 1 uMand5uM in DMEM:F12 base medium 
(Invitrogen) supplemented with 0.5% FCS (HyClone) and 
100 ng/ml Activin A (R&D Biosystems). 

Assay: The assay was initiated by aspirating culture 
medium from cell monolayers in each well followed by three 
washes in PBS to remove residual growth factors and serum. 
Test volumes of 2 ml per well were added back containing 
medium with 0.5% FCS and different concentrations of 
inhibitor compounds with 100 ng/ml Activin A, without 
Wnt3a. Positive control wells contained the same base 
medium and 0.5% FCS with 100 ng/ml Activin A and 20 
ng/ml Wnt3a (R&D Biosystems) in the absence of test com 
pound. Negative control wells contained base medium with 
0.5% FCS, in the absence of Activin A, Wnt3a, or test com 
pound. Assay wells were aspirated and fed again with iden 
tical concentrations of test compound or control Solutions on 
day 2 of assay. On days 3 and 4, all assay wells were aspirated 
and fed with DMEM:F12 supplemented with 2% FCS and 
100 ng/ml Activin A in the absence of both test compound or 
Wnt3a. Parallel negative control wells were maintained on 
days 3 and 4 in DMEM:F12 base medium with 2% FCS. 

Assay evaluation: At the end of culture, cell monolayers 
were washed with PBS and harvested from culture plates by 
incubating 5 minutes with TrypLETM Express solution (Invit 
rogen, CA). Cells were resuspended in MEF conditioned 
medium and split into two equal samples. One set of samples 
was further stained with various fluorescent labeled antibod 
ies and subjected to flow cytometric (FACS) analysis. A sec 
ond parallel set of samples was subjected to quantitative PCR. 

Cells for FACS analysis were washed into PBS and 
blocked for 15 minutes at 4°C. in 0.125% human gamma 
globulin (Sigma cat # G-4386) diluted in PBS and BD FACS 
staining buffer. Aliquots of cells (approximately 10 cells 
each) were stained for 30 minutes at 4°C. with antibodies 
directly conjugated to a fluorescent tag and having specificity 
for CD9 PE (BD # 555372), CD99 PE (Caltag # 
MHCD9904), or CXCR-4 APC (R&D Systems cat it 
FAB173A). After a series of washes in BD FACS staining 
buffer, cells were stained with 7-AAD (BD # 559925) to 
assess viability and analyzed on a BDFACS Array instrument 
(BD Biosciences), collecting at least 10,000 events. Mouse 
IgG k isotype control antibodies for both PE and APC were 
used to gate percent positive cells. 

Cells for quantitative PCR were processed for RNA extrac 
tion, purification, and cDNA synthesis. RNA samples were 
purified by binding to a silica-gel membrane (Rneasy Mini 
Kit, Qiagen, CA) in the presence of an ethanol-containing, 
high-salt buffer followed by washing to remove contami 
nants. The RNA was further purified using a TURBO DNA 
free kit (Ambion, Inc.), and high-quality RNA was eluted in 
water. Yield and purity were assessed by A260 and A280 
readings on a spectrophotometer. cDNA copies were made 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

58 
from purified RNA using an Applied Biosystems, Inc. (ABI, 
CA) high capacity cDNA archive kit. 

Unless otherwise stated, all reagents for real-time PCR 
amplification and quantitation were purchased from ABI. 
Real-time PCR reactions were performed using the ABI 
PRISM 7900 Sequence Detection System. TAQMAN UNI 
VERSAL PCR MASTERMIX (ABI, CA) was used with 20 
ng of reverse transcribed RNA in a total reaction volume of 20 
ul. Each cDNA sample was run in duplicate to correct for 
pipetting errors. Primers and FAM-labeled TAOMAN probes 
were used at concentrations of 200 nM. The level of expres 
sion for each target gene was normalized using a human 
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 
endogenous control previously developed by ABI. Primer 
and probe sets are listed as follows: CXCR4 (HsO0237052), 
GAPDH (43.10884E), HNF3b (HsO0232764), SOX17 (probe 
part #450025, forward and reverse part #430-4971). 

After an initial incubation at 50° C. for 2 min followed by 
95°C. for 10 min, samples were cycled 40 times in two stages, 
a denaturation step at 95°C. for 15 sec followed by an anneal 
ing/extension step at 60° C. for 1 min. Data analysis was 
carried out using GENEAMP 7000 Sequence Detection Sys 
tem software. For each primer/probe set, a Ct value was 
determined as the cycle number at which the fluorescence 
intensity reached a specific value in the middle of the expo 
nential region of amplification. Relative gene expression lev 
els were calculated using the comparative Ct method. Briefly, 
for each cDNA sample, the endogenous control Ct value was 
subtracted from the gene of interest Ct to give the delta Ct 
value (ACt). The normalized amount of target was calculated 
as 2-ACt, assuming amplification to be 100% efficiency. 
Final data were expressed relative to a calibrator sample. 

Results 

FIG.9 displays the FACS analysis of percent positive cells 
expressing CXCR4 surface receptor after treatment with vari 
ous GSK3 inhibitors. Two concentrations of each compound, 
ranging between 1 uM and 5 uM, are shown relative to an 
untreated population of cells (negative control) or cells 
treated with Activin A and Wnt3 (positive control). FIG. 10 
panels a, b, and c show real-time PCR data for CXCR4, 
Sox 17, and HNF3beta, which are also considered to be mark 
ers of definitive endoderm. Both FACS and real-time PCR 
analysis demonstrate a significant increase in each of these 
markers observed in differentiated cells relative to untreated 
control cells. Expression levels of these definitive endoderm 
markers were equivalent in some cases to the positive control, 
demonstrating that a GSK3 inhibitor can substitute for Wnt3a 
at this stage of differentiation. 

EXAMPLE 9 

Effects of GSK-3? Enzyme Inhibitors on the 
Formation of Pancreatic Endoderm 

It was important to demonstrate that treatment with 
GSK3.f3 inhibitors during induction of definitive endoderm 
did not prevent the subsequent differentiation of other cell 
types, such as pancreatic endoderm, for example. A select 
subset of hits was tested for their ability to promote expres 
sion of PDX1 and HNF6, key transcription factors associated 
with pancreatic endoderm. 

Maintenance of human embryonic stem cells (H1 and H9 
lines) was conducted as described in Example 1. Colonies of 
cells were maintained in an undifferentiated, pluripotent state 
with passage on average every four days. Passage was per 
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formed by exposing cell cultures to a solution of collagenase 
(1 mg/ml. Sigma-Aldrich) for 10 to 30 minutes at 37° C. 
followed by gentle Scraping with a pipette tip to recover cell 
clusters. Clusters were allowed to sediment by gravity, fol 
lowed by washing to remove residual collagenase. Cell clus 
ters were split at a 1:3 ratio for routine maintenance culture or 
a 1:1 ratio for Subsequent assay. The human embryonic stem 
cell lines used were maintained at less than passage 50 and 
routinely evaluated for normal karyotypic phenotype and 
absence of mycoplasma contamination. 

Cell preparation of assay: Cell clusters of the H1 human 
embryonis stem cell line used in the assay were evenly resus 
pended in culture medium and plated onto MATRIGELTM 
coated (1:30 dilution) 24-well plates (black well; Arctic 
White) in volumes of 1 ml/well. MEF conditioned medium 
supplemented with 8 ng/mlbFGF was used for initial plating 
and expansion. In a second experiment, clusters of hES cells 
from the H9 line were plated in 96-well plates on mouse 
embryonic feeder (MEF) layers, previously inactivated by 
treating with mitomycin C (Sigma Chemical Co). Culture 
medium for hES cells on MEF monolayers consisted of 
DMEM:F12 with 20% Knockout Serum Replacer (Invitro 
gen) Supplemented with minimal essential amino acids (Invit 
rogen), L-glutamine, and 2-mercaptoethanol. Daily feeding 
was conducted by aspirating spent culture medium from each 
well and replacing with an equal Volume of fresh medium. 
Cultures were allowed to expand one to three days after 
plating prior to initiating assay. Plates were maintained at 37° 
C., 5% CO for the duration of assay. 

Preparation of compounds and assay medium: A Subset of 
eight hits resulting from primary Screening was used for 
follow-up study and subsequent secondary assays. Neat com 
pounds were solubilized as 10 mM stocks in DMSO and 
stored dessicated at -20° C. until use. Immediately prior to 
assay, compound stocks were diluted to a final concentration 
ranging between 1 uM and 5uM in base medium with addi 
tives. 

Assay: In this assay, GSK3 inhibitors were included only 
on days 1 and 2 of the definitive endoderm differentiation 
step, substituting for Wnt3a. Embryonic stem cell cultures on 
MATRIGEL were initiated as described in Examples 7 and 8 
above by aspirating culture medium from cell monolayers in 
each well followed by three washes in PBS to remove residual 
growth factors and serum. For differentiation to definitive 
endoderm, test volumes (0.5 ml per well for 24-well plates, 
100 ul per well for 96-well plates) were added containing 
DMEM:F12 medium with) 0.5% FCS and different concen 
trations of inhibitor compounds with 100 ng/ml Activin A, 
without Wnt3a. Positive control wells contained the same 
base medium with 0.5% FCS and with 100 ng/ml Activin A 
and 20 ng/ml Wnt3a (R&D Biosystems) in the absence of test 
compound. Negative control wells contained the same base 
medium with 0.5% FCS, in the absence of Activin A, Wnt3a, 
or test compound. Assay wells were aspirated and fed again 
with identical concentrations of test compound or control 
Solutions on day 2 of assay. On days 3 and 4, all assay wells 
were aspirated and fed with DMEM:F12 supplemented with 
2% FCS and 100 ng/ml Activin A in the absence of both test 
compound or Wnt3a. Parallel negative control wells were 
maintained on days 3 and 4 in DMEM:F12 base medium with 
2% FCS. For differentiation to pancreatic endoderm, cells 
were treated for three days, feeding daily with DMEM:F12 
base medium containing 2% FCS with 0.25 uM KAAD 
cyclopamine (EMD Biosciences) and 20 ng/ml FGF7 (R&D 
Biosystems). Cells were then treated for an additional four 
days, feeding daily with DMEM:F12 containing 1% B27 
(Invitrogen), 0.25uM KAAD cyclopamine, 2 uM Retinoic 
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Acid (RA: Sigma-Aldrich) and 20 ng/ml FGF7. Parallel 
negative control wells were maintained throughout in 
DMEM:F12 base medium with 2% FCS (stage 2) or 1% B27 
(stage 3) and without any other additives. 

Parallel cultures of H9 human embryonic cells were grown 
on MEF feeder layers, and differentiated to pancreatic endo 
derm. Definitive endoderm differentiation was achieved by 
culturing the cells in medium consisting of RPMI-1640 (In 
vitrogen) containing no serum on day 1 and 0.2% FCS on 
days 2 and 3 along with different concentrations of inhibitor 
compounds and 100 ng/ml Activin A. Positive control wells 
contained the same base medium (with or without serum) 
with 100 ng/ml Activin A and 20 ng/ml Wnt3a (R&D Bio 
systems) in the absence of test compound. Negative control 
wells contained the same base medium with or without 
serum, in the absence of Activin A, Wnt3a, or test compound. 
Assay wells were aspirated and fed again with identical con 
centrations of test compound or control solutions on day 2 of 
assay. On day 3, all assay wells were aspirated and fed with 
RPMI-1640 supplemented with 2% FCS and 100 ng/ml 
Activin A in the absence of both test compound and Wnt3a. 
Parallel negative control wells were maintained on day 3 in 
RPMI-1640 base medium with 2% FCS. Cells were differen 
tiated into pancreatic endoderm by treating the cells for four 
days, feeding daily with RPMI-1640 base medium containing 
2% FCS with 0.25 mM KAAD cyclopamine (EMD Bio 
sciences) and 50 ng/ml FGF10 (R&D Biosystems). Subse 
quently, cells were treated for three days duration, feeding 
daily with RPMI-1640 containing 1% B27 (Invitrogen), 0.25 
mMKAAD cyclopamine, 2 mM Retinoic Acid (RA: Sigma 
Aldrich) and 50 ng/ml FGF10. Parallel negative control wells 
were maintained throughout in RPMI-1640 base medium 
with 2% FCS (stage 2) or 1% B27 (stage 3) and without any 
other additives. 

Assay evaluation: At the end the differentiation, cells were 
examined as described in Example 8 for gene expression by 
real-time PCR. For high content fluorescence staining, cells 
in 96-well plates were washed twice with PBS then fixed with 
4% paraformaldehyde at room temperature for 20 minutes, 
washed three times more with PBS, and then permeabilized 
with 0.5% Triton X-100 for 20 minutes at room temperature. 
After fixing and permeabilizing, cells were washed again 
three times with PBS and blocked with 4% chicken serum 
(Invitrogen) in PBS for 30 minutes at room temperature. 
Primary antibody (goat anti-human Pdx1; Santa Cruz) was 
diluted 1:100 in 4% chicken serum and added to cells for two 
hours at room temperature. Alexa Fluor 488 conjugated sec 
ondary antibody (chicken anti-goat IgG: Molecular Probes) 
was diluted 1:200 in PBS and added to each well after wash 
ing the cells three times with PBS. To counterstain nuclei, 2 
ug/ml Hoechst 33342 (Invitrogen) was added for ten minutes 
at room temperature. Cells were washed once with PBS and 
left in 100 ul/well PBS for imaging. 

Cells were imaged using an IN Cell Analyzer 1000 (GE 
Healthcare) utilizing the 51008bs dichroic for cells stained 
with Hoechst 33342 and Alexa Fluor 488. Exposure times 
were optimized using positive control wells and wells stained 
with secondary antibody alone. Images from 15 fields per 
well were acquired to compensate for any cell loss during the 
treatment and staining procedures. Measurements for total 
cell number and total Pdx1 intensity were obtained for each 
well using IN Cell Developer Toolbox 1.7 (GE Healthcare) 
software. Segmentation for the nuclei was determined based 
on grey-scale levels (baseline range 100-300) and nuclear 
size. Averages and standard deviations were calculated for 
each replicate data set. Total Pdx1 protein expression was 
reported as total intensity or integrated intensity, defined as 
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total fluorescence of the cell times area of the cell. Back 
ground was eliminated based on acceptance criteria of grey 
scale ranges between 300 to 3000. Total intensity data were 
normalized by dividing the total intensities for each well by 
the average total intensity for the Wnt3a/Activin A positive 
control. Normalized data were calculated for averages and 
standard deviations for each replicate set. 

Cells for quantitative PCR were lysed in RLT buffer 
(Qiagen) and then processed for RNA extraction, purifica 
tion, and cDNA synthesis. RNA samples were purified by 
binding to a silica-gel membrane (Rneasy Mini Kit, Qiagen, 
CA) in the presence of an ethanol-containing, high-saltbuffer 
followed by washing to remove contaminants. The RNA was 
further purified using a TURBO DNA-free kit (Ambion, 
Inc.), and high-quality RNA was then eluted in water. Yield 
and purity were assessed by A260 and A280 readings on a 
spectrophotometer. cDNA copies were made from purified 
RNA using an Applied Biosystems, Inc. (ABI, CA) high 
capacity cDNA archive kit. 

Unless otherwise stated, all reagents for real-time PCR 
amplification and quantitation were purchased from ABI. 
Real-time PCR reactions were performed using the ABI 
PRISM 7900 Sequence Detection System. TAQMAN UNI 
VERSAL PCR MASTER MIX was used with 20 ng of 
reverse transcribed RNA in a total reaction volume of 20 ul. 
Each cDNA sample was run in duplicate to correct for pipet 
ting errors. Primers and FAM-labeled TAOMAN probes were 
used at concentrations of 200 nM. The level of expression for 
each target gene was normalized using a human glyceralde 
hyde-3-phosphate dehydrogenase (GAPDH) endogenous 
control previously developed by ABI. Primer and probe sets 
are listed as follows: PDX1 (HsO0236830 ml), GAPDH 
(43.10884E), and HNF6 (HsO0413554 ml). 

After an initial incubation at 50° C. for 2 min followed by 
95°C. for 10 min, samples were cycled 40 times in two stages, 
a denaturation step at 95°C. for 15 sec followed by an anneal 
ing/extension step at 60° C. for 1 min. Data analysis was 
carried out using GENEAMPO07000 Sequence Detection 
System software. For each primer/probe set, a Ct value was 
determined as the cycle number at which the fluorescence 
intensity reached a specific value in the middle of the expo 
nential region of amplification. Relative gene expression lev 
els were calculated using the comparative Ct method. Briefly, 
for each cDNA sample, the endogenous control Ct value was 
subtracted from the gene of interest Ct to give the delta Ct 
value (ACt). The normalized amount of target was calculated 
as 2-ACt, assuming amplification to be 100% efficiency. Final 
data were expressed relative to a calibrator sample. 

Results 

Results are shown for eight GSK-3? enzyme inhibitors. 
Data presented in FIG. 11 from high content analysis show 
effects on cell number (panel A) and Pdx1 intensity (panel B) 
for the H1 hES cell line, where respective data points were 
averaged from a duplicate sample set and mined for each 
parameter from identical fields and wells. Data presented in 
FIG. 12 from real-time PCR show effects of these Small 
molecule inhibitors on induced expression of two transcrip 
tion factors, Pdx1 and HNF6. In these examples, Pdx1 and 
HNF6 expression are indicative of pancreatic endoderm dif 
ferentiation. GSK3? inhibitor compounds in these assays can 
Substitute for Wnt3a during early stages of cell lineage com 
mitment, resulting cells Sustain a capacity to form pancreatic 
endoderm during later sequential stages of differentiation. 
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EXAMPLE 10 

Effects of GSK-3? Enzyme Inhibitors on the 
Formation of Pancreatic Endocrine Cells 

It was important to demonstrate that treatment with GSK3 
inhibitors during induction of definitive endoderm did not 
prevent the subsequent differentiation of other cell types, 
Such as pancreatic endocrine cells, or insulin producing cells, 
for example. A select subset of hits was tested for their ability 
to promote expression of pancreatic hormones. 

Cell preparation for assay: Pancreatic endoderm cells 
obtained according to the methods described in Example 9 
(cultured on 96-wellplates and 24-well plates) were subse 
quently subjected to agents that cause the cells to differentiate 
into pancreatic hormone expressing cells. 

Assay for cultures of the H1 human embryonic stem cell 
line on MATRIGEL was initiated as described in Examples 
7-9 above by aspirating culture medium from cell monolayers 
in each well followed by three washes in PBS to remove 
residual growth factors and serum. For differentiation to 
definitive endoderm, test volumes (0.5 ml per well for 24-well 
plates, 100 ul per well for 96-well plates) were added con 
taining medium with 0.5% FCS and different concentrations 
of inhibitor compounds with 100 ng/ml Activin A, without 
Wnt3a. Positive control wells contained the same base 
medium and 0.5% FCS with 100 ng/ml Activin A and 20 
ng/ml Wnt3a (R&D Biosystems) in the absence of test com 
pound. Negative control wells contained the same base 
medium with 0.5% FCS, in the absence of Activin A, Wnt3a, 
or test compound. Assay wells were aspirated and fed again 
with identical concentrations of test compound or control 
Solutions on day 2 of assay. On days 3, 4, and 5, all assay wells 
were aspirated and fed with DMEM:F12 supplemented with 
2% FCS and 100 ng/ml Activin A in the absence of both test 
compound or Wnt3a. Parallel negative control wells were 
maintained on days 3, 4, and 5 in DMEM:F12 base medium 
with 2% FCS. For differentiation to pancreatic endoderm, 
cells were treated for three days, feeding daily with DMEM: 
F12 base medium containing 2% FCS with 0.25uM KAAD 
cyclopamine (EMD Biosciences) and 20 ng/ml FGF7 (R&D 
Biosystems). Cells were subsequently treated for four days, 
feeding daily with DMEM:F12 containing 1% B27 (Invitro 
gen), 0.25uMKAAD cyclopamine, 2 uM Retinoic Acid (RA; 
Sigma-Aldrich) and 20 ng/ml FGF7. Parallel negative control 
wells during stages 2 and 3 were maintained throughout in 
DMEM:F12 base medium with 2% FCS or 1% B27 and 
without any other additives. After formation of pancreatic 
endoderm, cells were treated further for six days duration, 
feeding daily with DMEM:F12 base medium containing 1% 
B27 with 1 uM DAPT (gamma secretase inhibitor: EMD 
Biosciences) and 50 ng/ml Exendin 4 (Sigma-Aldrich). Cells 
were then treated for another three days duration, feeding 
daily with DMEM:F12 base medium containing 1% B27, 50 
ng/ml Exendin 4, 50 ng/ml IGF (R&D Biosystems) and 50 
ng/ml HGF (R&D Biosystems). Parallel negative control 
wells were maintained throughout in DMEM:F12 base 
medium with 1% B27 and without any other additives. 

Assay evaluation: At the end of culture, cells were treated 
as in Examples 7 and 8 above for evaluation by high content 
analysis or real-time PCR. 

For high content fluorescence staining, cells in 96-well 
plates were washed twice with PBS then fixed with 4% 
paraformaldehyde at room temperature for 20 minutes, 
washed three times more with PBS, and then permeabilized 
with 0.5% Triton X-100 for 20 minutes at room temperature. 
After fixing and permeabilizing, cells were washed again 
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three times with PBS and blocked with 4% chicken serum 
(Invitrogen) in PBS for 30 minutes at room temperature. 
Primary antibody (guinea pig anti-Swine insulin, cross-reac 
tive with human insulin; DakoCytomation) was diluted 1:500 
in 4% goat serum and added to cells for one hour at room 
temperature. Cells were washed three times with PBS and 
then stained with Alexa Fluor 488 conjugated secondary anti 
body (goat anti-guinea pig IgG, Molecular Probes) diluted 
1:100 in 4% goat serum. To counterstain nuclei, 2 ug/ml 
Hoechst 33342 (Invitrogen) was added for ten minutes at 
room temperature. Cells were washed once with PBS and left 
in 100 ul/well PBS for imaging. 

Cells were imaged using an IN Cell Analyzer 1000 (GE 
Healthcare) utilizing the 51008bs dichroic for cells stained 
with Hoechst 33342 and Alexa Fluor 488. Exposure times 
were optimized using positive control wells and wells stained 
with secondary antibody alone. Images from 15 fields per 
well were acquired to compensate for any cell loss during the 
treatment and staining procedures. Measurements for total 
cell number and total insulin intensity were obtained for each 
well using IN Cell Developer Toolbox 1.7 (GE Healthcare) 
software. Segmentation for the nuclei was determined based 
on grey-scale levels (baseline range 100-300) and nuclear 
size. Averages and standard deviations were calculated for 
each replicate data set. Total insulin protein expression was 
reported as total intensity or integrated intensity, defined as 
total fluorescence of the cell times area of the cell. Back 
ground was eliminated based on acceptance criteria of grey 
scale ranges between 300 to 3000. Total intensity data were 
normalized by dividing the total intensities for each well by 
the average total intensity for the Wnt3a/Activin A positive 
control. Normalized data were calculated for averages and 
standard deviations for each triplicate set. 

Cells for quantitative PCR were lysed in RLT buffer 
(Qiagen) and then processed for RNA extraction, purifica 
tion, and cDNA synthesis. RNA samples were purified by 
binding to a silica-gel membrane (Rneasy Mini Kit, Qiagen, 
CA) in the presence of an ethanol-containing, high-saltbuffer 
followed by washing to remove contaminants. The RNA was 
further purified using a TURBO DNA-free kit (Ambion, 
INC), and high-quality RNA was eluted in water. Yield and 
purity were assessed by A260 and A280 readings on a spec 
trophotometer. cDNA copies were made from purified RNA 
using an Applied Biosystems, Inc. (ABI, CA) high capacity 
cDNA archive kit. 

Unless otherwise stated, all reagents for real-time PCR 
amplification and quantitation were purchased from ABI. 
Real-time PCR reactions were performed using the ABI 
PRISMR 7900 Sequence Detection System. TAQMANR) 
UNIVERSAL PCR MASTERMIXR (ABI, CA) was used 
with 20 ng of reverse transcribed RNA in a total reaction 
volume of 20 ul. Each cDNA sample was run in duplicate to 
correct for pipetting errors. Primers and FAM-labeled 
TAQMAN(Rprobes were used at concentrations of 200 nM. 
The level of expression for each target gene was normalized 
using a human glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) endogenous control previously developed by ABI. 
Primer and probe sets are listed as follows: PDX1 
(HsO0236830 ml), Insulin (HsO0355773), and GAPDH 
(43.10884E). 

After an initial incubation at 50° C. for 2 min followed by 
95°C. for 10 min, samples were cycled 40 times in two stages, 
a denaturation step at 95°C. for 15 sec followed by an anneal 
ing/extension step at 60° C. for 1 min. Data analysis was 
carried out using GENEAMPR)7000 Sequence Detection 
System software. For each primer/probe set, a Ct value was 
determined as the cycle number at which the fluorescence 
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intensity reached a specific value in the middle of the expo 
nential region of amplification. Relative gene expression lev 
els were calculated using the comparative Ct method. Briefly, 
for each cDNA sample, the endogenous control Ct value was 
subtracted from the gene of interest Ct to give the delta Ct 
value (ACt). The normalized amount of target was calculated 
as 2^*, assuming amplification to be 100% efficiency. Final 
data were expressed relative to a calibrator sample. 

Results 

Results are shown for eight GSK-3B enzyme inhibitors. 
Data presented in FIG. 13 from high content analysis show 
compound effects on cell number (panel A) and insulin inten 
sity (panel B) for the H1 hES cell line where respective data 
points were averaged from a triplicate set and mined for each 
parameter from identical fields and wells. Data presented in 
FIG. 14 from real-time PCR show compound effects for Pdx1 
and insulin. In these examples, Pdx1 and insulin expression 
are indicative of pancreatic endoderm differentiation and 
generation of hormonal positive cells. Selective GSK30 
inhibitor compounds in these assays can substitute for Wnt3a 
during early stages of cell lineage commitment and can 
induce and Sustain pancreatic beta cell formation during later 
sequential stages of differentiation, as evident from both insu 
lin immunostaining and real-time PCR. 

EXAMPLE 11 

Additive Effects of GSK-3.3 Enzyme Inhibitors on 
the Formation of Pancreatic Endocrine Cells 

It was important to demonstrate that treatment with 
GSK3.f3 inhibitors could improve pancreatic beta cell differ 
entiation if added during multiple phases of cell fate commit 
ment. A select subset of hits was tested by sequential timed 
addition to enhance insulin expression associated with pan 
creatic hormonal positive cells. 

Preparation of cells for assay: Cell preparation for assay: 
Pancreatic endoderm cells obtained according to the methods 
described in Example 9 and 10 (cultured on 96-wellplates) 
were Subsequently subjected to agents that cause the cells to 
differentiate into pancreatic hormone expressing cells. 

Assay for cultures of the H1 human embryonic stem cell 
line on MATRIGEL was initiated as described in Examples 
7-9 above by aspirating culture medium from cell monolayers 
in each well followed by three washes in PBS to remove 
residual growth factors and serum. For differentiation to 
definitive endoderm, test volumes (100 ul per well for 96-well 
plates) were added containing medium with 0.5% FCS and 
different concentrations of inhibitor compounds with 100 
ng/ml Activin A, without Wnt3a. Positive control wells con 
tained the same base medium and 0.5% FCS with 100 ng/ml 
Activin A and 20 ng/ml Wnt3a (R&D Biosystems) in the 
absence of test compound. Negative control wells contained 
the same base medium with 0.5% FCS, in the absence of 
Activin A, Wnt3a, or test compound. Assay wells were aspi 
rated and fed again with identical concentrations of test com 
pound or control Solutions on day 2 of assay. On days 3, 4, and 
5, all assay wells were aspirated and fed with DMEM:F12 
supplemented with 2% FCS and 100 ng/ml Activin A in the 
absence of both test compound or Wnt3a. Parallel negative 
control wells were maintained on days 3, 4, and 5 in DMEM: 
F12 base medium with 2% FCS. For differentiation to pan 
creatic endoderm, cells were treated for three days, feeding 
daily with DMEM:F12 base medium containing 2% FCS 
with 0.25 uM KAAD cyclopamine (EMD Biosciences) and 
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20 ng/ml FGF7 (R&D Biosystems). Cells were subsequently 
treated for four days, feeding daily with DMEM:F12 contain 
ing 1% B27 (Invitrogen), 0.25uMKAAD cyclopamine, 2LM 
Retinoic Acid (RA: Sigma-Aldrich) and 20 ng/ml FGF7. 
Parallel negative control wells were maintained throughout in 
DMEM:F12 base medium with 2% FCS or 1% B27 and 
without any other additives. After formation of pancreatic 
endoderm, cells were treated further for six days duration, 
feeding alternating days with DMEM:F12 base medium con 
taining 1% B27 with 1 uMDAPT (gamma secretase inhibitor: 
EMD Biosciences) and 50 ng/ml Exendin 4 (Sigma-Aldrich) 
and 1 uM TGFbeta R1 inhibitor II (ALK5 inhibitor; EMD 
Biosciences). During this six day period, GSK30 inhibitors 
were added back to respective wells, using the same concen 
tration as previous treatment at the initiation of differentia 
tion. Cells were then treated for another three days duration, 
feeding alternating days with DMEM:F12 base medium con 
taining 1% B27. 50 ng/ml Exendin 4, 50 ng/ml IGF (R&D 
Biosystems) and 50 ng/ml HGF (R&D Biosystems), and 1 
uM TGFbeta R1 inhibitor II (ALK5 inhibitor; EMD Bio 
sciences). During this three day period, GSK3? inhibitors 
were added back to respective wells, using the same concen 
tration as previous treatment at the initiation of differentia 
tion. Parallel sets of positive control wells were treated in the 
presence or absence of 20 ng/ml Wnt3a. Parallel negative 
control wells were maintained throughout in DMEM:F12 
base medium with 1% B27 and without any other additives. 

Assay evaluation: At the end of culture, cells were treated 
as in Examples 10 above for evaluation by high content analy 
S1S. 

For high content fluorescence staining, cells in 96-well 
plates were washed twice with PBS then fixed with 4% 
paraformaldehyde at room temperature for 20 minutes, 
washed three times more with PBS, and then permeabilized 
with 0.5% Triton X-100 for 20 minutes at room temperature. 
After fixing and permeabilizing, cells were washed again 
three times with PBS and blocked with 4% chicken serum 
(Invitrogen) in PBS for 30 minutes at room temperature. 
Primary antibody (guinea pig anti-Swine insulin, cross-reac 
tive with human insulin; DakoCytomation) was diluted 1:500 
in 4% goat serum and added to cells for one hour at room 
temperature. Cells were washed three times with PBS and 
then stained with Alexa Fluor 488 conjugated secondary anti 
body (goat anti-guinea pig IgG, Molecular Probes) diluted 
1:100 in 4% goat serum. To counterstain nuclei, 2 ug/ml 
Hoechst 33342 (Invitrogen) was added for ten minutes at 
room temperature. Cells were washed once with PBS and left 
in 100 ul/well PBS for imaging. 

Cells were imaged using an IN Cell Analyzer 1000 (GE 
Healthcare) utilizing the 51008bs dichroic for cells stained 
with Hoechst 33342 and Alexa Fluor 488. Exposure times 
were optimized using positive control wells and wells stained 
with secondary antibody alone. Images from 15 fields per 
well were acquired to compensate for any cell loss during the 
treatment and staining procedures. Measurements for total 
cell number and total insulin intensity were obtained for each 
well using IN Cell Developer Toolbox 1.7 (GE Healthcare) 
software. Segmentation for the nuclei was determined based 
on grey-scale levels (baseline range 100-300) and nuclear 
size. Averages and standard deviations were calculated for 
each replicate data set. Total insulin protein expression was 
reported as total intensity or integrated intensity, defined as 
total fluorescence of the cell times area of the cell. Back 
ground was eliminated based on acceptance criteria of grey 
scale ranges between 300 to 3000. Total intensity data were 
normalized by dividing the total intensities for each well by 
the average total intensity for the Wnt3a/Activin A positive 
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control. Normalized data were calculated for averages and 
standard deviations for each triplicate set. 

Results 

Results are shown for eight GSK-3B enzyme inhibitors. 
Data presented in FIG. 15 from high content analysis show 
compound effects on cell number (panel A) and insulin inten 
sity (panel B) for the H1 hES cell line, where respective data 
points were averaged from a triplicate set and mined for each 
parameter from identical fields and wells. In this example, 
insulin expression is indicative of differentiation to hormonal 
positive pancreatic cells. Selective GSK3 B inhibitor com 
pounds in these assays can Substitute for Wnt3a during early 
stages of cell lineage commitment and, when added at later 
stages of differentiation, appear to promote enhanced insulin 
expression relative to a positive control sample. 

Publications cited throughout this document are hereby 
incorporated by reference in their entirety. Although the vari 
ous aspects of the invention have been illustrated above by 
reference to examples and preferred embodiments, it will be 
appreciated that the scope of the invention is defined not by 
the foregoing description but by the following claims prop 
erly construed under principles of patent law. 

TABLE IA 

LIST OF PRIMARY ANTIBODIES USED FOR FACS AND 
IMMUNOSTAINININGANALYSIS. 

Antibody Supplier Isotype Clone 

SSEA-1 Chemicon (CA) Mouse IgM MC-480 
SSEA-3 Chemicon (CA) Mouse IgG3 MC-631 
SSEA-4 Chemicon (CA) Rat IgM MC-813-70 
TRA 1-60 Chemicon (CA) Mouse IgM TRA 1-60 
TRA 1-81 Chemicon (CA) Mouse IgM TRA 1-81 
TRA 1-85 Chemicon (CA) Mouse IgG1 TRA 1-85 
AP R&D Systems Mouse IgG1 B4-78 
HNF3B R&D Systems Goat IgG 
PDX1 Santa Cruz Goat IgG A-17 

Biotechnology, 
INC 

GATA4 R&D Systems Goat IgG 
Sox 17 R&D Systems Goat IgG 
CD 9 BD Mouse IgG1 M-L13 

TABLE IB 

LIST OF SECONDARY CONUGATED ANTIBODIES USED FOR 
FACS AND IMMUNOSTAINININGANALYSIS. 

Secondary Conjugated 
Antibody Supplier Dilution 

Goat Anti-Mouse IgG APC Jackson ImmunoResearch 1:200 
conjugated (PA) 
Goat Anti-Mouse IgG PE Jackson ImmunoResearch 1:200 
conjugated (PA) 
Donkey anti-rabbit PE or - Jackson ImmunoResearch 1:200 
APC conjugated (PA) 
Donkey anti-goat PE or - Jackson ImmunoResearch 1:200 
APC conjugated (PA) 
Goat anti-mouse IgMPE Southern Biotech (AL) 1:200 
Goat anti-Rat IgMPE Southern Biotech (AL) 1:200 
Goat anti-mouse IgG3 PE Southern Biotech (AL) 1:200 
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EFFECTS OF INHIBITORS OF GSK-3BENZYME ACTIVITY ON 
THE PROLIFERATION OF HUMAN EMIBRYONIC STEM CELLS. 

number 

26170794 
26170820 
26170833 
26.177086 
26177762 
26184.457 
26.219 OSO 
ditioned medium 
reatment 

only + DMSO 
- Wnt3a - DMSO 
26219063 
2622O4S4 

o cells 
26241774 
26241917 
26243.204 
26247143 
26248729 
262611OS 
26361712 
26361725 
26366730 
26367991 
26367991 
263999.06 
263999.06 
263999.45 
26399971 
26399984 
26399997 
264OOO49 
26483197 
26483310 
26483.223 
26483.236 
2648.3249 
2648.3249 
26483262 
2651 1901 
2651, 1927 
2651.1953 
67694 
676940 
677545 
678986 
68.066S 
68.0667 

AAW 

itioned medium 
reatment + DMSO 
nta 

O222784 
O222927 
O231273 
O2S9847 
O2S9847 
7154215 
7154215 
7157659 
7163042 
O16656S 
7174664 
7187027 
7187053 
7193774 
72O0976 
7205955 
7205955 
7205994 

6837 

85 
TABLE VI-continued 

Raw Data 

O. 293O 

8784 

Average 

US 8,623,648 B2 

S.D. 

19.4 
1.6 

16.6 
30.7 
22.3 
12.5 
9.0 
1.3 

16.6 
18.8 
1S.O 
38.0 
58.4 
11.6 
26.9 
46.2 
O.8 

30.3 
22.6 
10.6 
9.6 
9.5 
6.O 

16.2 
3.9 
5.5 
5.8 
8.6 
6.7 
3.2 
8.3 
3.8 
0.7 

56.2 
33.4 
O.9 

13.3 
13.3 
102 
8.7 

19.7 
31.1 
30.8 
1.9 
S.O 
O.1 

29.9 
S.1 

21.6 
68.0 
32.8 
24.6 
S.6 
6.6 
8.0 
9.2 

26.4 
7.9 

20.4 
16.4 
41.7 
13.7 
O.1 

14.5 
1.6 

12.O 
37.0 
11.O 
5.8 

12.5 
3O.O 
2.0 
1.O 
3.5 
O.1 

96 CW 

23.8 
1.3 

16O.9 
128.7 
132.8 

2.6 
1.O 

98.0 
60.4 
8.9 

1OO.O 
S.O 

12.1 
O.O 
9.3 

33.2 
-1.4 
9.1 
6.4 
0.4 

70.9 
2.6 
1.2 

21.4 
-1.1 
124.4 
136.8 
10.3 
66.4 
1.O 

79.2 
3.5 

149.3 
41.7 
7.4 

-0.1 
128.8 
125.7 
34.5 
115.5 
24.6 
10.9 
6.6 
7.7 
2.6 
O.8 
9.1 
1.3 
8.3 

38.2 
6.8 
8.3 

-O.S 
O.S 

74.7 
36.7 
1OO.O 
85.5 
33.9 
3.1 

31.2 
30.1 
O.O 
1.2 

14.4 
25.5 
11.3 
40.9 
-0.6 
13.7 
28.1 
-0.3 
-0.2 
-0.1 
-0.3 

% Control 
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11. The method of claim 1, wherein the inhibitor of GSK 
3B enzyme activity is used at a concentration of about 10 uM. 

k k k k k 
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